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ABSTRACT
The gross and microscopic anatomy of  the postpharyngeal d ig e s t iv e  
t r a c t  of Chanda ranga was examined. The gut is r e l a t i v e l y  short and 
lacks d i s t i n c t  external demarcations of  the d iv is io n s .  Microscope 
studies reveal the presence of the fo l lo w in g  d iv is io n s :  an.esophagus; a
stomach cons is t ing  of cardiac and p y lo r ic  po rt ions ;  a midgut or upper 
i n t e s t in e ;  and a hindgut consist ing of two d i s t i n c t  regions, an a n te r io r  
colon and a po s te r io r  rectum. P y lo r ic  and in t e s t i n o - c o l i c  valves are 
p re s en t .
The tunics present are as fo l low s:  a tun ica  mucosa consist ing of
the ep i th e l ium ,  basal lamina, and lamina p ro p r ia ;  a tunica muscularis;  
and a tunica  serosa or a d v e n t i t i a .
The ep i the l ium  of the esophagus is p a r t i a l l y  k e r a t in iz e d ,  contains  
numerous saccular u n ic e l lu la r  mucous glands, and var ies  from s t r a t i f i e d  
and p s e u d o stra t i f ie d  epithel ium a n t e r i o r l y  to p s e u d o stra t i f ie d  and 
simple columnar p o s te r io r ly .  Tastebuds are  present in the a n te r io r  
esophagus. The lamina propria  is an a re o la r  connective tissue, of the 
usual composition, but i t  contains unusual macrophages. The muscularis 
externa consists o f  dorsa l ly  and v e n t r a l l y  located inner longitudinal  
muscle bundles composed of  s t r i a t e d  and smooth muscle and an outer  
c i r c u l a r  layer  of s t r i a te d  muscle. A th in  serosa is present.
The ep i the l ium  of the stomach is composed of  columnar mucous c e l ls  
which produce a neutral mucopolysaccharide s e c re t io n .  In the p y lo r ic  
stomach an add i t ion a l  type of e p i t h e l i a l  c e l l  is found in simple 
a lv e o la r  glands.  These gland c e l l s  have a f in e  s t ru c tu re  which strongly
indicates  the production o f  HC1 , but there is no evidence of  the 
production of  pepsinogen. Granulocytes and lymphocytes are  also present 
among the e p i t h e l i a l  c e l l s  of  the stomach.and subsequent d iv is io n s .  The 
lamina propria  contains a g re a te r  densi ty  of both c e l l s  and f ib ers  than 
does tha t  of  the esophagus. The muscularis externa o f  the cardiac  
stomach consists of  inner and outer  bundles o f  longi tud inal  smooth 
muscle (located d o rs a l ly  and v e n t r a l l y )  and a middle c i r c u la r  layer of  
s t r i a t e d  muscle. A l l  three  layers are composed of  smooth muscle in the
I
p y lo r ic  region. A th in  serosa is present.
The epithel ium of  the midgut and colon is composed of columnar 
absorbing c e l ls  and goblet  c e l l s .  The absorbing c e l ls  o f  the colon are 
dis t inguished from those o f  the midgut by t h e i r  very vacuolated appear­
ance, increased p in o c y to t ic  a c t i v i t y ,  and numerous large lysosomes with  
myelin conf igurat ions.  S ing le  la m e l la r  s truc tures  are present in the 
absorbing c e l ls  of both reg ions.  The lamina propria  and serosa are 
s im i la r  to those o f  the stomach.
The rectum is d is t ingu ished  from the colon by having shorter  
columnar c e l ls  which have a granular  cytoplasm. Goblet c e l ls  decrease 
in number p o s te r io r ly  and are  absent a t  the recto -ana l  ju nc t ion  where 
the epithel ium undergoes a t r a n s i t i o n  to s t r a t i f i e d  squamous. The 
s t r a t i f i e d  epithel ium e x h ib i ts  p a r t i a l  k e r a t in i z a t io n  s im i la r  to that  
of the esophageal e p i th e l iu m .  The c i r c u la r  muscle layer  is s l ig h t ly  
thickened at  the recto-anal  ju n c t io n ,  and the lo ng i tud ina l  muscle is 
absent. The serosa is replaced by an a d v e n t i t i a  as the rectum passes 
through the body w a l l .
INTRODUCTION
C la s s i f i c a t io n
Class; Osteichthyes
Subclass: A c t in o p te r y g i i
Superorder: T e le o s te i
Order: Perciformes
Suborder: Percoidei
Superfam ily :  Percoidea
Family:  Centropomidae
Subfamily:  Chandinae
Genus: Chanda Hamilton, 1822
Species: Chanda ranga Hamilton, 1822
This c l a s s i f i c a t i o n  is according to  Berg (19^7).
Descript ion
C. ranga is a small carnivorous f i s h  which a t ta ins  an a d u l t  length  
of  approximately two inches. The most c h a r a c te r is t ic  fe a tu re  of the  
species is the transparency o f  the body wall through which one sees the 
skeleton,  a i r  b la d d e r ,  and per i tonea l  sac qu ite  c l e a r l y .  In co lor  the 
body is a f a i n t  y e l lo w .  The spinous dorsal f i n  is t ipped w i th  b lack ,  
and the s o f t  dorsal and anal f ins  are edged wi th  l ig h t  b lu e .  The l a t t e r  
c o lo ra t io n  o f  the f in s  is more pronounced in the female and serves as a 
method of  d is t in g u is h in g  between the sexes.
D is t r i b u t i o n
Representatives of the fa m i ly  Centropomidae are found from the 
east  coast o f  A fr ica  through the seas o f  India  and the Malay Archipelago 
t o  A u s t r a l i a ,  and they occur in s a l t ,  brackish,  and fresh water (Hervey 
and Hems, 1952).  jC. ranga is indigenous to India and is found in fresh  
water (Fraser-Brunner, 195*0.
Purpose of This Study
The l i t e r a t u r e  contains no record o f  any studies of the anatomy or
h is to log y  o f  the a l imentary canal o f  the g la s s f is h ,  £ .  ranga, and only
l im i te d  in vest igat ions  have been made of  the f in e  s t ru c tu re  of  the
*
a l im entary  canal of any of  the f i s h e s .  The present study is concerned 
w ith  prov id ing  a descr ip t ion  o f  the gross morphology, h is to logy ,  and 
cytology of  the post-pharyngeal a l im e n ta ry  t r a c t  of the g la s s f is h .
H is to r ic a l  Aspects
Gross Anatomical Studies
The l i t e r a t u r e  concerned w i th  the  anatomy and h is to logy  of the 
d ig e s t iv e  t r a c t  of f ishes is voluminous. Possibly the e a r l i e s t  of  the 
pure ly  morphological studies was done by A r i s t o t l e  over 2250 years ago.
In " H i s t o r i a  Animalum" he gave a s u r p r is in g ly  accurate descr ip t ion  of  
the t e e th ,  tongue, stomach, i n t e s t i n e ,  p y lo r ic  caeca, l i v e r ,  and 
g a l lb la d d e r  of f ishes.  Severinus (1645) a lso  gave some a t te n t io n  to 
th is  area and, using only a magnify ing lens, studied the in terna l  organs 
o f  the h e r r in g ,  sardine, and d o g f is h .  P e r ra u l t  (1671) was probably the 
f i r s t  inves t iga to r  to study the s p i r a l  v a lv e .  The f i r s t  in ve s t ig a to r ,  
however, to be concerned p r im a r i ly  w i th  the d ig e s t iv e  system of f ishes  
was Preston (1697). who studied the s t ru c tu re  of the stomach, the winding
of  the in te s t in e ,  the l i v e r ,  g a l lb la d d e r ,  and b i l e  duct. He a lso  
described the p y lo r i c  appendages, but mistakenly  considered these to be 
the pancreas, as d id  Cuvier (1828) and Rathke (1824) a f t e r  him.
Preston's observat ion on the great v a r i a b i l i t y  in length of the in te s ­
t in e  in f ishes was th a t  the g reater  length of  th is  region in some f ishes  
was evidence tha t  the " fe rm enta t ion  is but slow in them."
The next s tudies  worthy of mention came one hundred years la te r  
when Cuvier (1805, 1809, and 1810) and Cuvier and Valenciennes (1828) 
wrote ex tens ive ly  on the  anatomy of a l l  the d ig e s t iv e  organs of  f ishes  
and compared them to  those o f  various other v e r te b ra te s .  Other compara­
t i v e  anatomists working at  th is  time a lso  contr ibuted to the knowledge 
o f  the d ig e s t iv e  t r a c t  o f  f ishes  (Rudolphi, 1802; Home, 1814; Rathke, 
1824; Meckel, 1824) .
Home (1814) and Rathke (1824) are considered to have made e s p e c ia l ­
ly  important c o n t r ib u t io n s .  Home's work included descriptions o f  the 
d ig e s t iv e  t r a c t  o f  30 species of  f is h e s ,  and Rathke's included descr ip ­
tions of 56 spec ies .  The ir  f ind ings formed much of the basis fo r  the 
discussions on the morphology of the d ig e s t iv e  t rac ts  in f ishes in 
comparative anatomy te x ts  by Meckel (1836) ,  Cuvier and Duvernoy (1835) ,  
Siebold and Stannius (1846 and 1854), Mi lne  Edwards ( i8 6 0 ) ,  and Owen 
(1866) .  A l l  of these men made o r ig in a l  contr ibut ions of th e i r  own as 
w e l l .  Owen (1866) should be mentioned s p e c i f i c a l l y  as being the f i r s t  
to c la s s i fy  the stomachs o f  f ishes according to shape. He suggested 
that  there were two types, s i  phonal and caeca 1.
Numerous o ther  in v e s t ig a to rs  made important contr ibut ions in the 
fo l low ing years .  Turner (1873) can be mentioned for his work on the 
presence or absence o f  p y lo r ic  caeca in elasmobranchs. Cajetan (1883)
is noted fo r  h is  study of  the esophagus, stomach, and in t e s t in e  of 
Cob i t  is sp .  and f i v e  other species of  te le o s ts ,  and Parker (1885) is 
considered to have done some o f  the best studies on the s p i ra l  valves of  
the in te s t in e .  Gegenbaur ( 18 9 8 , 1901) wrote Verqleichende Anatomy der 
W i r b e l t i e r e , which is  considered to be a c la s s ic  and includes some of  
his own observat ions on f ishes  as well  as those of  others .  Cole (1901) 
made morphological s tud ies  of the d ig e s t iv e  t rac ts  of the P leuronect idae ,  
and H a l le r  (1904) considered the r e la t io n s h ip  between form and funct ion  
of various parts  o f  the d ig e s t iv e  t r a c t .  Weidersheim (1905) and Eggling  
(1908) were both in te re s ted  in the d i f f e r e n t  types of fo lds o f  the 
mucous membrane of the  gu t .  Eggling studied the d ig e s t iv e  t r a c t  of  
Pagrus s p . ,  Sciaena s p . ,  Scomber s p . ,  and 40 other species of t e le o s t s .  
U t i l i z i n g  the work which had been done by Cuvier, Rudolphi,  and Meckel,  
Eggling made a study o f  the r e la t io n s h ip  between the food and the fo lds  
of the mucous membranes o f  the d ig e s t iv e  t rac ts  o f  179 t e le o s t s .  He 
noted, as had others  before  him, tha t  the d ig e s t iv e  t r a c t  of herbivores  
is long whereas th a t  o f  carnivores is s h o r t ,  but he stated th a t  the 
fo lding o f  the i n t e s t i n a l  mucous membrane bore no re la t io n s h ip  to f e e d - '  
ing hab i t s .
• Jacobshagen (1911, 1913, 1915, 1931 , 1934, and 1937) was one o f  the 
foremost in v e s t ig a to rs  o f  the d ig e s t iv e  t r a c t  of  f is h e s ,  and his  c o n t r i ­
bution t o  the knowledge of  a l l  parts of the t r a c t  in a wide v a r i e t y  of  
fishes was e x te n s iv e .  Another man of  equal importance in the f i e l d  was 
Pernkopf (1930,  1937) ,  who is most noted for his extensive studies  of  
the stomachs o f  f i s h e s .
Some work has been done on the anatomy of the gut a t  d i f f e r e n t  ages 
of the f is h e s .  Barr ington (1936, 1945) studied larva l  and a d u l t
lampreys, and Klust (19^0) ,  Kostomarov (19^2) ,  and Kostomarov and 
Pulankova (19^2) studied the r e l a t i v e  length of the in t e s t in e  in the 
Cyprin idae a t  various stages o f  development.
Suyehiro (19^1) did an extensive study of the d ig e s t iv e  system and 
feeding habits  of  over 150 species o f  te leos ts  belonging to 88 fa m i l ie s .  
More r e c e n t ly ,  Al-Hussaini (19^7b, 19^9a) has been the most important of  
those concerned w i th  these re la t ions h ips  and has invest igated the  
r e l a t i v e  length o f  the in te s t in e  and the area o f  the mucosal surface in 
r e l a t i o n  to  feeding hab i ts .
Some o f  the other invest igators  who can be mentioned are Ghazzawi
(1 9 35 ) ,  Guntert (1938) ,  Carr ie  (1937) ,  Rahimullah (19^3) ,  Matthews and 
Parker (1 950 ) ,  G irg is  (1952) , A l-Hussaini  and Kholy (1953) ,  Kapoor 
(1953, 1957) ,  Das and Moitra  (1958 ) ,  Khanna (1962) ,  Ch i tray  and Saxena 
(1 9 6 2 ) ,  Mohsin (1962) ,  and Ver ig ina  (1965 ) .  Some o f  these papers also  
include the h is to logy  of  the t r a c t .
H is to lo g ic a l  Studies
H is to lo g ic a l  studies on the d ig e s t iv e  t r a c t  of the f ishes began in 
the e a r l y  n ineteenth  century. Most of  these e a r ly  studies were confined 
to the mucosal l i n in g  of the t r a c t  and, as w i l l  become apparent in the 
fo l lo w in g  resume, much of the in te re s t  was centered around the presence 
or absence o f  g a s t r ic  glands. This is probably because the d ig e s t iv e  
t r a c t  o f  the f ishes is ,  on the whole, much simpler than that  o f  the 
higher animals , and the stomach and middle in te s t in e  are the areas where 
the g re a tes t  amount o f  d i f f e r e n t i a t i o n  can be seen.
In 1836 Boyd discovered g a s t r ic  glands in mammals and noticed th e i r  
presence in some f is h e s .  Bischoff  (1838) ,  who was one o f  the e a r l i e s t
in ves t ig a to rs  to perform extensive  studies of  the a l imentary canal o f  
f i s h e s ,  studied the mucosal l i n in g  of  various c y p r in id s ,  Angui i l a  
v u l g a r i s , and other t e le o s t s .  He observed g a s t r ic  glands in many 
species but was unable to f in d  them in any of the cyprin ids he stud ied .
Another o f  the very e a r ly  workers in th is  f i e l d  was Mul ler  (1843) ,  
who was p r im a r i ly  in te res ted  in the cyclostomes. His studies on the 
a l im enta ry  canal of the hagfishes revealed a mucosal l in in g  which was 
s t r i k i n g l y  uniform throughout the length o f  the t r a c t ,  being composed of  
a c i l i a t e d  ep i the l ium  without  glands o f  any s o r t .  His work is notable  
f o r  being one o f  the f i r s t  to  show the extreme s im p l i c i t y  of the 
a l im entary  canal in th is  p r i m i t i v e  group.
Voght (1845) demonstrated the ex istence of  two kinds of c e l ls  in 
the  stomach of the common t r o u t ,  Salmo f a r i o . One of  these c e l l  types 
was a ty p ic a l  surface e p i t h e l i a l  c e l l  w h i le  the other was confined to 
the c ry p ts .  He did not,  however, recognize the l a t t e r  as being g a s tr ic  
gland cel I s .
Leydig (1852, 1853, 1857) made extensive  h is to lo g ic  invest igat ions  
on the d ig e s t iv e  t r a c ts  o f  f ishes  in a d d i t io n  to the work in human 
h is to log y  fo r  which he is best known. Leydig's work encompasses 
numerous species of  the classes Agnatha, Chondrichthyes, and Osteich-  
th y e s .
Va la tour  (1861) confined his studies to t e le o s ts .  A c ontr ib u t ion  
o f  his which is worthy o f  mention here is t h a t ,  in a dd i t ion  to confirm­
ing B is c h o f f 's  f ind ings concerning the absence of g a s t r ic  glands in the 
cy p r in id s ,  he concluded tha t  a stomach was absent in these forms and 
that  the esophagus jo in e d  d i r e c t l y  to t h e • in t e s t in e .
Development of  b e t te r  s ta in in g  techniques led to Heidenhain's  
discovery in 1870 of  two types of  c e l l s  in the g a s t r ic  glands of  mammals 
and th is  was confirmed by R o l le t  in the same year.  Their  f ind ings  
st imulated a search fo r  d i f f e r e n t  c e l l  types in the g a s t r ic  glands of  
the f ishes by Edinger (1877 ) .  Edinger concluded that  the g a s t r ic  glands 
of  the f ishes  contained only one type o f  c e l l  which, although not 
i d e n t ic a l ,  resembled more c lose ly  the p r in c ip a l  or pept ic  c e l l s  of  
mammals. Edinger 's  conclusion was genera l ly  accepted although Cajetan  
(1883) and P i l l i e t  (1894) reported f in d in g  two c e l l  types in the glands 
o f  Cobit is  barbatu la  and Pleuronectes , re sp ec t iv e ly .
Although Edinger is c i te d  most f requent ly  w i th  reference to his 
work on the g a s t r ic  glands of  the f is h e s ,  he contr ibuted to the know­
ledge of  both the gross and microscopic anatomy of a l l  parts of  the  
d ig e s t iv e  t r a c t  through his observat ions on a wide v a r i e t y  of species.  
P i l l i e t  (1885, 1887, 1893. 1894) and Cattaneo (1886, 1887) deserve 
specia l mention along w i th  Edinger fo r  the extensive studies they made. 
P i l l i e t ' s  work was concerned p r im a r i ly  with  selachians and t e le o s ts ,  and 
Cattaneo's  included numerous eye 1 ostomes, se lachians, ganoids, and 
t e le o s t s .
There were other in ves t ig a to rs  during th is  time whose work was less 
ex tens ive .  Macallum (1886) studied the d ig e s t iv e  systems o f  Acipenser 
stur  i o , Acipenser rubicandus, Lepidosteus s p . ,  and Ami a sp. and found 
c i l i a  to be present in various parts of  the t r a c t  in a l l  of  these.
Decker (1887) d id  a l im i te d  amount o f  h is to lo g ic a l  in v e s t ig a t io n  in 
connection w i th  his phys io log ica l  studies on some fresh water f is h e s .  
Hopkins (1890, 1892 , 1893, 1895) gave descript ions of the d ig e s t iv e  
t r a c ts  o f  the American ganoids Acipenser rubicundus, Scaphirhyrchus s p . ,
Polydon s p . ,  Lepidosteus s p . ,  and Ami a sp. s im i la r  to Macallum's (1886) 
f in d ing s  fo r  th is  group. S t i r l i n g  (1 884 ) ,  K u l ts c h i tzk y  (1887) ,  Parker 
(1889, 1892), Thesen ( I 890) ,  Mazza ( 18 9 1)» Mazza and Perugia (1894),  
Claypole ( I 896) ,  and Haus (1897) have a l l  added to the knowledge of the 
d ig e s t iv e  system of  the f ishes .
In add i t ion  to his own extensive studies invo lv ing more than 30 
species of f is h e s ,  Oppel ( 1896, 1897, 1900, 1904) wrote a comprehensive 
review of  the previous work that  had been done. He studied the anatomy, 
h is to lo g y ,  and embryology o f  numerous species and must be recognized as 
one of  the foremost invest igators  in the f i e l d .
Yung (1899,  1900) studied both the  h is to logy  and physiology o f  the 
d ig e s t iv e  t r a c t  of  elasmobranchs. H e l ly  (1905) was the f i r s t  to describe 
a p e c u l ia r  type of  c e l l  conta in ing la rg e ,  acidophil  granules in the 
stomach, in te s t in e ,  and pancreatic  duct o f  Torpedo sp. Other studies of 
in te r e s t  are  those of Gulland (1898) on the A t la n t ic  salmon, Su l l ivan  
(1907) on two species o f  American elasmobranchs, Kolster  (1907) on the 
stomach of  Centrophorus granulosus, Arcangel i  (1908) on the histology of 
the stomach of  Box sal pa, and Petersen (1908a, 1908b) on the esophagus, 
stomach, and in te s t in e  of  some se lachians.
P ic t e t  (1909) extended the studies on c y p r in id s ,  and Greene (1912) 
made a very thorough study of the a l im entary  t r a c t  o f  the king salmon. 
P ie t ru s k i  (1914) d e a l t  with the h isto logy of  the d ig e s t iv e  t r a c t  in 17 
species o f  t e le o s t s .  Schmidt (1915) described c e l l s  in the neck of the 
g a s t r ic  glands of  Lophius p iscator ius  s im i la r  to those seen by Hel ly  
(1905) in Torpedo sp. Barte ls  (1922) made the f i r s t  study of  the 
d ig e s t iv e  t r a c t  of  the la rva l  e e l ,  Leptocephalus b re v ?r o s t r i s .
Purser (1928) studied the a l im entary  and re sp ira to ry  systems o f  
Calamoicthys ca labar icus  and was the f i r s t  to describe a t r a n s i t io n a l  
zone between the esophagus and stomach which he ca l led  the esogaster .  
Rogosina (1928,  1930) provided a d e ta i le d  study of the stomach of  
Acipenser ruthenus, and Dawes (1929) studied the a limentary t r a c t  o f  the 
p la ic e ,  Pleuronectes p la te s s a .  MacKay (1929a) described the h is to lo g ic a l  
features o f  the d i g e s t iv e  system of  the ^ e l -p o u t ,  Zoarces a n g u i l l a r i s .
A number o f  s tudies were concerned w i th  the c o r re la t io n  o f  the  
anatomy and h is to lo g y  o f  the d ig e s t iv e  t r a c t  w ith  feeding h a b i ts .  Among 
these are B lake 's  (1930, 1936) comparative study o f  a predaceous f i s h ,  
the sea bass, and a bottom feeding f i s h ,  the sea robin, and the papers 
of Rogick (1 9 31 ) ,  Schacht (1931) ,  and Curry (1939) on various c y p r in id s .
Bolton (1933) concentrated on the basophil c e l ls  which form d i s ­
t i n c t  layers in the a l im e nta ry  canal o f  salmonid f ishes .  Baecker (193*0 
gave specia l a t t e n t io n  to c e l l s  in the g a s t r ic  epithel ium of some 
selachians and te le o s ts  which were s im i la r  to those seen by H e l ly  (1905) 
in Torpedo sp. and by Schmidt (1915) in Lophius sp. Baecker considered  
these to be homologous to the Paneth c e l l s  of mammals.
Ishida (1935b) in ves t ig a ted  the h isto logy  and d igest ive  ehzymes of  
Mugil cephalus, and the studies o f  Ishida (1935a) and Kato (1935) were 
confined to  the h is to lo g y  o f  the in t e s t in e .  Young and Fox (1936) 
studied the s t r u c tu r e  and funct ion  of  the gut of sur f  perches in r e l a ­
t ion  to t h e i r  carotenoid metabolism. Studies of the e n t i r e  d ig e s t iv e  
t r a c t  o f  various te le o s ts  are those o f  Ghazzawi (1935), Darmarajan
(1936) , Imhof (1 9 3 6 ) ,  Vanajakshi (1938) ,  Jacobsen (1939), Sarbahi (19**0), 
McVay and Kaan (19*t0),  Mohsin (19**1), Chan (19*+1), and Wier and 
Churchil l  (19*^6).
A l-H ussa in i  (19^5, 19^6, 19^7a, \Sk7b,  19^9a, 19**9b, 1953 w i th  
Kholy) has been the foremost in ve s t ig a to r  in recent years o f  the  
r e la t io n s h ip  between the anatomy and h isto logy of  the d ig e s t iv e  t r a c t  
and the feeding habits o f  the f i s h .  Others who have con tr ib u ted  studies  
of  th is  type are  Rahimullah (19^5) ,  Ahsan-ul- ls lam (19^9) ,  G i rg is  
(1 9 5 2 ) ,  Pi 1 lay  (1953) ,  Kapoor (1953,  1957, 1958), Sarkar (1 9 59 ) ,  Mohsin 
(1 9 6 2 ) ,  and Weisel (1962) .
Other recent  papers which cover the h isto logy of the e n t i r e  
d i g e s t i v e  t r a c t  are  those o f  Weinreb and B i ls tad  (1955) on the rainbow 
t r o u t ,  Nagar and Khan (1958) on the spiny e e l ,  Burnstock (1959) on the 
brown t r o u t ,  Chandy and George ( I9 6 0 )  on Chanos chanos, Nagar e t  a l . 
(1961) on Mugi1 c o r s u la , Hale ( 1965) on Poeci1ia r e t i c u l a t a  and
Gasterosterus a c u le a tu s , Liem ( 1967) on Monopterus a lbu s , Bul lock (1967)
on Gambus ia a f f i n i s , and Schmitz and Baker (1969) on Dorosoma ceped i anum
and Dorosoma petenense. Some papers o f  a more l im i ted  nature a re  those
o f  Saddler  and Ashley ( I9 6 0 )  on p y lo r ic  caeca, Vickers (1962) on the 
i n t e s t i n a l  e p i th e l ium  o f  Carassius aura tus , Bullock (1 963 ) ,  and 
Chaicharn and Bul lock (1967) on the in te s t in a l  h isto logy o f  some f ishes  
in r e l a t i o n  to  acanthocephalan in fe c t io n s .
One o f  the  few e le c t ro n  microscope studies on the d ig e s t i v e  t r a c t  
o f  f is h e s  was done by Jansson and Olson (1960) on the i n t e s t i n a l  
e p i th e l iu m  o f  Perea sp. Yamamoto (1961) described the f i n e  s t r u c tu r e  of  
the i n t e s t i n a l  e p i th e l ium  o f  the g o ld f is h ,  Carassius a u ra tu s , and in 
1966 he made a comparative study o f  th is  ep ithe l ium  in the g o ld f is h  w i th  
th a t  o f  the rainbow t r o u t ,  Sal mo i r id e u s . Another very l im i te d  study 
was th a t  o f  Linss and Geyer (1967) on the basement membrane o f  the
esophagus of  the p ike .  More re ce n t ly ,  Welsch and Storch (1969) have 
studied the f in e  s t ru c tu re  o f  the ta s te  buds of the c a t f i s h .
The most recent reviews on the d ig e s t iv e  systems o f  f ishes  are  
those of  Barr ington (1957) and Bert in  (1957) .  These include extensive  
b ib l io g r a p h ie s  on the physiology of  the system and on the mouth, 
pharynx, and the d ig e s t iv e  organs other  than the a l im entary  canal .
MATERIALS AND METHODS
Specimens of Chanda ranga were obtained from Kean's Aquarium 
Products in Baton Rouge, Louis iana,  and Norton Brothers Fish Hatchery,  
Baton Rouge, Louisiana, and were kept in aquaria  in the labora tory .  The 
water used in these aquaria  was tapwater which had been aerated for  
several days to remove the  c h lo r in e  p r io r  to the in troduct ion  of the  
f i s h ,  and to which one tablespoon o f  s a l t  per ga l lon  o f  water had been 
added. The optimum temperature range fo r  these f i s h  is 75 -  80°F 
(Hervey and Hems, 1952), but they were kept in unheated aquaria at  
temperatures ranging from 68 to 100°F without any no t iceab le  d i f fe re n c e  
in s u rv iva l  r a te  a t  the various temperatures.
Feeding g la s s f is h  was somewhat of a problem since they eat only 
l i v e  food. I t r i e d  feeding frozen b r in e  shrimp w i th  1 i t t l e  or no 
success and t h e r e a f te r  used e i t h e r  l i v e  daphnia or l i v e  br ine  shrimp.
The daphnia were obtained from the Water P o l lu t io n  Research Lab on the 
L.S.U .  campus, and br ine  shrimp eggs (L o n g l i fe  Fish Food Products,  
D iv is io n  of Sternco In d u s t r ie s ,  I n c . ,  Harr ison,  New Jersey) were hatched 
in shallow pans conta in ing a s a l t  s o lu t io n  prepared by adding seven 
tablespoons of  rock s a l t  per ga l lon  of  dechlor inated water .  The eggs 
hatched w i th in  24 to 48 hours, and the hatch was siphoned through a f in e  
net and washed in tap w a te r .  The f i s h  were fed in the morning and 
afternoon and were given only  as much food as could be eaten in a 5 to 
10 minute per iod .
Another problem encountered was the d i f f i c u l t y  of keeping the f is h  
in the laboratory  fo r  longer than approximately  3 months. A f te r  that
length of time m o r ta l i t y  was e s p e c ia l ly  high, and i t  became necessary 
to  s a c r i f i c e  them immediately.
Gross Anatomy
For gross d issec t ion  purposes the f i s h  were f ixed  in 10% neutral  
buffered formal in  ( L i l l i e ,  1965) and were stored in e i t h e r  the f i x a t i v e  
or 70% ethanol u n t i l  needed. Dissections were done in 70% ethanol in a 
p e t r i  dish, the bottom of  which had been coated with  mineral wax. The 
body wal l  and per i tonea l  sac were removed to expose the a l imentary  t r a c t .
To enhance the contras t  o f  the a l imentary  t r a c t  w i th  surrounding 
t issues ,  the e n t i r e  animal was sta ined wi th  H a r r is '  Hematoxylin (Armed 
Forces Manual, 1957) fo r  3 hours fo l lowed by 1 hour of d i f f e r e n t i a t i o n  
in water (Werner, personal communication).
Photographs were made w i th  a s in g le  lens r e f l e x  camera equipped 
with  a bellows extension of  the lens to get the desired m agn i f ica t ion .  
Kodak Panatomic-X 35 mm. f i l m  (Eastman Kodak, Rochester, New York) was 
used, and th is  was developed in Microdol (Eastman Kodak, Rochester, New 
Y o rk ) .  Pr ints  were made on s in g le  weight Kodabromide paper (Eastman 
Kodak, Rochester, New York) using a Beseler Autofocus 45^+AFM enlarger  
(Charles Beseler Company, East Orange, New J e r s e y ) .
Measurements of the gross dimensions were made p r io r  to f i x a t i o n  on 
40 specimens using a m i l l im e t e r  sc a le .  These measurements included the 
to t a l  length of the t r a c t ,  length of  each d i v i s io n ,  and length of the 
f i s h  (excluding the caudal f i n ) .
Light Microscopy
Specimens to be used fo r  l i g h t  microscopy were f ixed  in one o f  the 
fo l low ing:  Zenker's f l u i d  ( L i l l i e ,  1965) ‘ for  2k hours followed by a
12 hour wash in running tapwater;  Bouin's f l u i d  ( i b i d .) for  24 hours 
fo l lowed by a one hour washing in running tapwater; He11y 1s f lu id  
( i b i d . )  fo r  24 hours fol lowed by a one hour wash in running tapwater;
10% neutra l  buffered fo rm al in  ( i b i d .)  fo r  12 -  24 hours fol lowed by a 
one hour wash in running tapwater;  and 10% neutra l  buffered formal in  
conta in ing 0.5% c e ty l  pyridinum c h lo r id e  (Barka and Anderson, 1963) fo r  
24 hours fol lowed by a one hour wash in running tapwater. Specimens 
f ix e d  in 10% neutra l  bu ffe red  form al in  contain ing 0.5% cety l  pyr id inium  
c h lo r id e  were used only  in the histochemical s tud ies .
The best preserva t ion  o f  the microanatomy was obtained with  Bouin's  
f l u i d .  Preservat ion was adequate w i th  Zenker 's ,  H e l ly 's ,  and 10% 
neutra l  buffered fo rm a l in ,  but an excessive amount of  shrinkage some­
times occurred w i th  these.
An a dd i t iona l  problem encountered when Zenker's or H e l ly 's  f l u i d  
was used was the necessity  of  removing residues of  insoluble  mercuric  
c h lo r id e  from the t i s s u e .  This was done ju s t  p r io r  to s ta in in g  by 
immersing the sections in W e ig er t 's  iodine s o lu t ion  (Armed Forces 
Manual, 1957) fo r  10 minutes fo l lowed by immersing in 5% aqeous sodium 
t h i o s u l f a t e  ( i b i d . )  fo r  5 minutes.
A s im i la r  problem was encountered in the use o f  Bouin's f l u i d  
which l e f t  p i c r i c  acid c r y s ta ls  in the t is s u e .  L i l l i e  (1965) recom­
mended leaving the t is s u e  in 70 -  80% ethanol fo r  2 or 3 days p r io r  to  
embedding and completing the removal of  the p i c r i c  acid a f t e r  the sec­
t ions had been mounted and the p a r a f f i n  removed. I found tha t  i t  was 
not necessary to  leave the t is s u e  in 70 -  80% ethanol p r io r  to embedding 
since a l l  the p i c r i c  acid was removed in the hydration series p r io r  to  
s ta in in g .
In some cases the a l im entary  t r a c t  was l e f t  in s i t u , and the e n t i r e  
animal was embedded and sect ioned.  Genera l ly ,  however, the t r a c t  was 
removed from the animal before  f i x a t i o n .  The f i s h  was decapita ted  and 
pinned on a mineral wax surface in a p e t r i  d ish .  The t r a c t  was removed 
from the an im al ,  leaving some extraneous t is s ue  on each end to f a c i l i ­
t a t e  p inn ing ,  and i t  was then stretched and pinned on a s t r i p  of  dental  
wax and placed in the f i x a t i v e .
A l l  t issues  used fo r  l i g h t  microscope study were, a f t e r  f i x a t i o n  
and washing, dehydrated and cleared using the ce l lo so lve -m ethy l  benzoate 
technique (Benson and Benson, personal communication), which consists of  
the fo l lo w in g  steps:
1. Three changes of 2 hours each in absolu te e thy lene  glycol  
monoethyl e ther  (C e l lo s o lv e ) .
2 .  Three changes of  15 -  30 minutes each in methyl benzoate.
3 .  Two changes of 5 minutes each in benzene.
When the above steps were done in vacuo (20 pounds pre s su re ) ,  the times 
f o r  the changes in C e l loso lve  were reduced to 30 minutes each.
The t is s u e  was then i n f i l t r a t e d  w i th  e i t h e r  Tissuemat (F ischer  
S c i e n t i f i c  Company, Chicago, I l l i n o i s )  or Parap last  ( S c i e n t i f i c  Products, 
Evanston, I l l i n o i s ) .  I n f i l t r a t i o n  was accomplished in th ree  2-hour  
changes of  the  i n f i l t r a t i o n  medium in a p a r a f f i n  oven a t  56 -  58°C. .
When a vacuum oven was used the time for  each change was reduced to 30 
minutes. The t issue  was then embedded in e i t h e r  the Tissuemat or 
Parap last  in paper boats and cooled r a p id ly  in ice water .
Blocks were trimmed, mounted, and s e r i a l l y  sect ioned a t  a thickness  
o f  5 or 10 microns w i th  a Spencer ro ta ry  microtome (American Optical  
Company, Instrument D iv is io n ,  B uf fa lo ,  New York ) .  Both s in g le  edge
razor blades (Durham Enders Razor Company, Myst ic ,  Connecticut)  and a 
microtome k n i fe  (American Optical Company, Instrument D iv is io n ,  B u f fa lo ,  
New York) were used.
Sections were then mounted on s l ides  to which a th in  layer of  
Mayer's albumin had been appl ied and which had been flooded with  water .  
The s l id e s  were placed on a s l id e  warmer a t  *f5°C fo r  a t  leas t  2 hours 
p r io r  to s ta in in g .
For rou t ine  h is to lo g ic a l  examination,  sections which had been f ix e d  
in H e l l y ' s ,  Zenker 's ,  or Bouin's f lu id s  were s ta ined w i th  H arr is '  
hematoxylin (Armed Forces Manual, 1957) and eosin (Werner and Geer, 
personal communication). Heidenhain's modified M a l lo ry  technique or 
Azan (Bens ley and Bens le y ,  1938) was used for  the demonstration of  
connective t issues ,  and the Gomori-Burtner methenamine s i l v e r  method 
( L i l l i e ,  1965) was used in an attempt to demonstrate a r g e n t a f f i n  c e l l s .
Only a very l im i te d  number of histochemical techniques were used. 
The Per iod ic  A c id -S c h i f f  react ion (Barka and Anderson, 1963), A lc ian  
Blue ( i b i d . ) , and Astra  Blue ( i b i d .) were used to demonstrate neutral  
and acid mucopolysaccharides. A tetrachrome s t a in  f o r  neutra l  and acid  
mucopolysaccharides, p r o te in  and nucleic  acids (Benson, 196*0, and the 
Thionin Method for  zymogen granules of  pept ic  glands ( L i l l i e ,  1965) 
were a lso  employed.
A f t e r  s ta in in g ,  the sect ions were dehydrated in a lc o h o l ,  c leared in 
xylene or to luene, and mounted in Permount (F ischer S c i e n t i f i c  Company, 
F a ir  Lawn, New J e rsey ) .
Photographs were made with  Kodak 35 mm. Panatomic-X f i l m  (Eastman 
Kodak Company, Rochester, New York) using a Kodak Color Snap 35 camera 
back on a Bausch and Lomb apochromatic research microscope (Bausch and
Lomb, S c i e n t i f i c  Instrument D iv is io n ,  Rochester, New York ) .  The f i l m  
was developed in Microdol (Eastman Kodak Company, Rochester, New York),  
and p r in ts  were made on s in g le  weight Kodabromide paper (Eastman Kodak 
Company, Rochester, New York) using a Beseler Autofocus 45^AFM enlarger  
(Charles Beseler Company, East Orange, New J e r s e y ) .
E lectron  Microscopy
The a l im entary  t r a c t  was removed, s t re tc h e d ,  and pinned in the same 
manner as was described fo r  l ig h t  microscopy. This d issect ion  was 
performed as r a p id ly  as possib le ,  and the t issue  was immediately placed 
in the f i x a t i v e .
Two methods of  f i x a t i o n  were used. The f i r s t  and most successful  
f i x a t i v e  used was 1% osmium te t ro x id e  buffered to  a pH of  7.^  with  
veronal a c e ta te  b u f fe r  and contain ing 0.0^5% sucrose to adjust  the 
osm olar i ty  (Palade, 1952). The a l imentary  t r a c t  was placed in a r e l a ­
t i v e l y  la rge  volume o f  th is  f i x a t i v e ,  and f i x a t i o n  was c a r r ie d  out at  
4°C fo r  a period of  1 ^ - 3  hours fol lowed by p o s t f i x a t io n  in 10% 
neutra l  buffered form al in  ( L i l l i e ,  1965) fo r  30 minutes as recommended 
by Spurlock, K a t t in e ,  and Freeman (1963) .
The buffered  glutaraldehyde f i x a t i o n  o f  S a b a t in i ,  Bensch, and 
Barnett  (1963) fol lowed by 1% osmium t e t r o x id e  (Palade, 1952) was also  
used. However, a considerable amount of  shr inkage was obtained with  
th is  method.
Following f i x a t i o n ,  the t issue was dehydrated in a graded series o f  
alcohols and embedded in Maragias (Ladd Research In d u s t r ie s ,  In c . ,  
B url ing ton ,  Vermont) according to the method o f  Spurlock, K a t t in e ,  and 
Freeman (19 63 ) .  The t r a c t  was placed in  Maragias in No. 00 g e la t in
capsules (E l i  L i l l y  and Company, In d ia n a p o l is ,  In d ia n a ) ,  and polymeriza­
t io n  was c a rr ie d  out a t  60°C fo r  2k -  48 hours.
Considerable d i f f i c u l t y  was encountered w i th  regard to the o r ie n t a ­
t io n  o f  the specimen in a manner which would a l lo w  fo r  the c u t t in g  of  
s e r i a l  cross sections o f  the e n t i r e  t r a c t .  To overcome th is  problem, a 
" f l a t "  embedding method was designed. The two parts of the g e la t in  
capsules were taped together ,  and the capsule was then cut lo n g i tu d in a l ­
ly  r e s u l t in g  in an open boat. The t is s u e  and Maragias were then placed 
in a h a l f  capsule which was kept in a ho r izon ta l  pos i t ion  during poly­
m e r iza t ion  by being placed in s lo ts  in a wooden frame. When polymeriza­
t io n  was completed, the excess Maragias was trimmed away and a rectangu­
l a r  b lock  was fashioned which would f i t  a specia l v is e - ty p e  specimen 
holder fo r  the ul tramicrotome.
Sections were cut with a diamond k n i f e  (E. I .  DuPont de Nemours 
and Company, Wilmington, Delaware) or w i th  glass knives on a Sorval l  
MT-2 PorterrBlum ultramicrotome ( Ivan S o r v a l l ,  In c . ,  Norwalk, 
C onnect icu t ) .  Glass knives were made from 25 mm. th ic k  glass s t r ip s  
(LKB-Produkter AB, S—16125 Bromma 1, Sweden) using a LKB 7801 B 
Knifemaker (LKB-Produkter AB, S — 16125 Bromma 1, Sweden). Troughs for  
the glass knives were fashioned from f r e e z e r  tape which was one h a l f  
inch in w id th .  The bottom o f  the trough was sealed with  dental wax.
Thick sections o f  one micron were made w i th  glass knives for  
o r ie n t a t io n  purposes. These were placed on a s l id e  in a drop of  20% 
ethanol and heated to evaporate the alcohol and f i x  the sect ion to the 
s l i d e .  A drop of Paragon (Paragon C. and C. Company, Bronx, New York) ,  
a combined nuclear and cytoplasmic s t a i n ,  was then placed on the 
sect ion ,  and th is  was heated fo r  30 -  60 seconds on a hot p l a t e .  The
excess s ta in  was removed by washing w i th  d i s t i l l e d  water ,  and the 
sect ion was examined w i th  a l i g h t  microscope.
When the proper leve l  o f  the t r a c t  was reached, th in  sections to be 
examined with  the e le c t ro n  microscope were cut a t  a thickness of  600 -  
900 angstroms as determined by the in te r fe re n c e  color  scale  o f  Peachey 
(1 958 ) .  They were c o l le c te d  in the boat in a 10% acetone s o lu t io n  and 
were expanded with  chloroform vapor. The ribbon was then detached from 
the k n i fe  edge by a g i t a t i n g  the f l u i d  in the boat w i th  a small camel's 
ha ir  brush and was picked on 300 mesh uncoated copper grids (Ladd 
Research In d u s tr ie s ,  I n c . ,  B ur l in g ton ,  Vermont).  These grids were 
dipped in d i l u t e  HNO^  to reduce surface  tension p r io r  to being inserted  
in the boat . The grids were then placed on f i l t e r  paper in a covered 
p e t r i  d ish.
A great deal o f  d i f f i c u l t y  was encountered w i th  regard to  keeping 
the boat o f  the diamond k n i fe  f re e  of d e b r is .  This problem was solved 
by washing the boat c a r e f u l l y  before  and a f t e r  each use w i th  a 1% 
so lu t io n  of  Photo-Flo (Eastman Kodak Company, Rochester, New York) 
followed by thorough r in s in g  in d i s t i l l e d  water (C a ts u l is ,  personal  
communication).
A l l  sections were doubly sta ined in a 1.5% s o lu t io n  of uranyl  
a c e ta te  in 95% ethanol (Watson, 1958) fol lowed by 2.0% lead c i t r a t e  
(Reynolds, 1963). The uranyl a ce ta te  s o lu t io n  was prepared immediately 
p r io r  to use because.of i ts  tendency to  decompose. Lead c i t r a t e  may be 
good for as long as 6 months when stored in the r e f r i g e r a t o r ,  but i t  
was usua l ly  necessary to prepare a f resh  s o lu t ion  every 3 months. I 
a lso  took the precaution o f  c e n t r i fu g in g  the lead c i t r a t e  s o lu t io n  p r io r  
to using i t  to remove any p r e c i p i t a t e  which might be present and was
c are fu l  not to a l low the s t a in  to be exposed to a i r  f o r  any length of  
t ime,  s ince the carbon d iox ide  in the a i r  reacts w i th  the lead to form 
a p r e c i p i t a t e .
S ta in in g  was accomplished by f l o a t i n g  the gr id  t is s u e -s id e  down on 
a drop o f  s ta in  on a dental wax surface  in a covered p e t r i  d ish .  
I n i t i a l l y ,  the s ta in in g  times used were 1 minute in uranyl aceta te  and 5 
minutes in lead c i t r a t e .  However, I was not g e t t in g  enough contrast  in 
the s ect ions ,  and I found i t  necessary to increase the s ta in in g  times to  
2 and 6 minutes, r e s p e c t iv e ly .  The grids were washed c a r e f u l l y  a f t e r  
each s t a in  by 30 -  40 dips in each o f  three changes o f  d i s t i l l e d  water .  
This was e s p e c ia l ly  important fo l lo w in g  the lead c i t r a t e  s ta in  to avoid 
leav ing s ta in  debris on the s e c t io n s .  A f te r  washing, the grids were 
again placed on clean f i l t e r  paper in a covered p e t r i  dish and allowed 
to d ry .
Grids were examined w i th  a h igh ly  modified RCA-EMU-3C e lectron  
microscope at  50 KV. Photographs were taken at o r ig in a l  magnif ications  
o f  1,000 to 21,000 on Kodak medium contrast  3 ^ "  x 4"  p lates  (Eastman 
Kodak Company, Rochester, New York) and Cronar Ortho A f i l m  (E. I .
DuPont de Nemours and Company, I n c . ,  Photo Products Department, 
Wilmington,  Delaware).  P r in ts  were made on s in g le  weight Kodabromide 
paper (Eastman Kodak Company, Rochester, New York) using a Beseler  
Autofocus 454AFM en larger  (Charles Beseler Company, East Orange, New 
J e r s e y ) .
RESULTS
Gross Anatomy
The postpharyngeal port ion  of  the a l im enta ry  t r a c t  is enclosed in a 
p e r i to n ea l  sac which is located p o ste r io r  to the pectora l  f in s  and 
v entra l  to  the a i r b la d d e r .  The average length and depth o f  the 
p e r i to n e a l  sac is four  m i l l im e t e r s .
The a l im entary  t r a c t  i t s e l f  is r e l a t i v e l y  short  and forms a s in g le  
loop w i th in  the p e r i to n ea l  c a v i ty  p r io r  to i t s  te rm ina t ion  a t  the anus 
(F ig .  1 ) .  Measurements made on f o r t y  specimens indicated an average  
body length (excluding the caudal f i n )  o f  22 .9  mm. and an average length  
of the  postpharyngeal a l im entary  t r a c t  of  13.9 mm.
Very l i t t l e  v a r i a t i o n  in diameter occurs throughout the t r a c t  and, 
gross ly ,  only  th re e  areas can be detected ,  although h i s t o lo g ic a l  studies  
reveal f i v e - d i v i s i o n s .  The most a n te r io r  o f  the grossly  v i s i b l e  areas 
includes both the esophagus and stomach and is a s hor t ,  s t r a i g h t  tube 
or ien ted  in an a n t e r io - p o s t e r io r  d i r e c t io n .  This region averages two 
m il l im e te r s  in length and one m i l l im e te r  in diameter w i th  the esophagus 
and stomach each comprising one. mi 11imeter of  th is  length .  There is no 
esophageal-card iac  va lve  or sphincter  separat ing the esophagus and 
stomach; however, a very weakly developed p y lo r ic  sphincter  is present  
at the p o s te r io r  end o f  the stomach. This sphincter  is sometimes 
v i s i b l e  e x t e r n a l l y  as a s l i g h t  c o n s t r ic t io n  in the gut w a l l .
The in t e s t i n e  proper, or midgut, c o n s t i tu te s  60% of  the length of  
the gut and forms the major p o r t io n  of  the loop o f  the t r a c t ,  running 
from the a n te r io -d o rs a l  p y lo r i c  sphincter  to the ju n c t io n  w i th  the
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hindgut and has an average diameter o f  one m i l l im e t e r  throughout i ts  
length w i th  the exception o f  the s l i g h t l y  enlarged f i r s t  two m i l l im e t e r  
p o r t io n .  The b i l e  duct enters the i n t e s t in e  j u s t  p o s te r io r  to the  
p y lo r ic  s p h in c te r .  The i n t e s t i n o - c o l i c  sphincter  which separates the 
i n t e s t in e  proper from the hindgut is evidenced e x t e r n a l l y  only by a 
s l i g h t  c o n s t r ic t io n  in the gut w a l l .
The hindgut proceeds v e n t r a l l y  to the anus. The f i r s t  four m i l l i ­
meters have approximately the same diameter as the in t e s t in e  proper, but 
the la s t  o n e -h a l f  m i l l im e te r  is much narrower. Because of  the h i s t o l o ­
g ica l  d i f fe re n c e s  between these two regions, I fe e l  they should be 
designated as the colon and rectum, r e s p e c t iv e ly .  The rectum terminates  
at  the  anus which is located m edia l ly  and v e n t r a l l y  on the body poste­
r i o r  to the p e lv ic  f in s  and a n te r io r  to the u rogen ita l  opening.
Microanatomy
General H is to lo g ic a l  Plan o f  the A l imentary  Trac t
The tunics which are present throughout the postpharyngeal d iges­
t i v e  t r a c t  o f  £ .  ranga are  as fo l low s;  a tun ica  mucosa which consists  
of  an e p i th e l iu m ,  basement membrane or basal lamina, and lamina prop r ia ;  
a tun ica  muscularis (muscularis e x te rn a ) ;  a tun ica  serosa or an 
a d v e n t i t i a ,  the l a t t e r  being present only  in the d i s t a l  po r t ion  of  the  
rectum. There is no muscularis mucosae or submucosa in any par t  of  the  
d ig e s t iv e  t r a c t .
In the fo l low ing  d escr ip t io n  of  the microanatomy o f  the gut ,  each 
p o rt ion  of  the t r a c t  w i l l  be considered s e p a ra te ly ,  beginning w i th  the  
esophagus, and the tunics of  each region w i l l  be considered in order 
from the tunica mucosa outward.
Esophagus
The d is p o s i t io n  o f  the three tunics in the  upper and lower esopha­
gus is shown in Figs.  2 and 4 .  The mucosa forms lo n g i tu d in a l  fo lds  
which vary in number from 10 to 14, and the la rg e s t  fo lds are located in 
the dorsal and v e n t ra l  regions. Secondary fo ld s  a re  occas iona l ly  seen.
The e p i th e l iu m  of  the upper esophagus conta ins both s t r a t i f i e d  and 
p s e u d o s t ra t i f ie d  areas (F ig .  2 ) .  True s t r a t i f i c a t i o n ,  ranging from two 
to f i v e  layers o f  c e l l s ,  is t y p i c a l l y  seen on the apices o f  the mucosal 
fo lds (F ig .  3 ) ,  w h i le  areas of  p s e u d o s t r a t i f ic a t io n  are  confined  
p r im a r i ly  to  the bases o f  the fo ld s .  There is a gradual t r a n s i t io n  from 
the s t r a t i f i e d  and p s e u d o s tra t i f ie d  cond it ion  to a simple ep ithel ium  
w ith  a l im i te d  amount of p s e u d o s t r a t i f ic a t io n  a t  the  apices o f  the  
mucosal fo lds  in the lower esophagus (F igs .  4 and 5 ) .  The most 
conspicuous fe a tu re  o f  the ep ithel ium  throughout the  esophagus is the 
presence o f  numerous mucous c e l ls  (F igs .  2, 3 ,  4 ,  5 ) .  No s ig n i f i c a n t  
v a r i a t i o n  in numbers between the upper and lower esophagus or between 
the surfaces and sides of the mucosal fo lds  could be detected (F igs .  2,
The mucous c e l l s  o f  the esophagus are la rg e ,  rounded c e l ls  which 
extend through almost the e n t i r e  depth o f  the e p i th e l ium  even in the 
th ic k e s t  areas o f  s t r a t i f i c a t i o n  (F ig .  3 ) .  They do not have the narrow 
basal p o r t io n ,  or f o o t ,  which is c h a r a c t e r is t i c  o f  goblet  c e l l s .  In 
rou t in e  hematoxylin and eosin preparations (H. and E . ) ,  these mucous 
c e l ls  are c h arac te r ized  p r im a r i ly  by the la rge  amount o f  mucinogen 
which gives the c e l l  an o v e ra l l  l i g h t  appearance (F ig s .  3 , 5 ) ;  the 
mucinogen does, however, e x h ib i t  some b a s o p h i l i a .  The presence of  both 
neutra l  and acid mucopolysaccharides in th is  s e c re t io n  is indicated by
very p o s i t iv e  s ta in in g  react ions w i th  S c h i f f ' s  reagent a f t e r  per iod ic  
acid o x id at ion  (PAS) and with  Astra  Blue and A lc ian  Blue.
The nuclei o f  the mucous c e l l s a r e  d isplaced b a s a l ly  and compressed 
by the accumulation of secretory  m a t e r i a l ,  and they appear as crescent­
shaped, densely chromatic s t ru c tu re s .  A small amount o f  basoph i l ic  
cytoplasm is also present in the basal and per iph era l  port ions o f  the 
c e l l s .  The ba s oph i l ia  here is caused by the la rge  amounts o f  ergasto-  
plasm.
The f in e  s t ru c tu re  of  the esophageal mucous c e l l  is shown in Figs.  
6 ,  8 ,  10, and 11. As in l ig h t  microscopy, mucinogen represents the 
dominant fe a tu re  of  the c e l l s .  Because o f  the  compression by the 
accumulation o f  mucinogen, the nuclei have a much greater  e lec tron  
dens i ty  than the nuclei of  the other  c e l l s  o f  the ep i the l ium  (F igs .  6 ,
8 ) .  The granular  nucleoplasm is surrounded by two u n i t  membranes 
(F ig s .  10, 11 ) ,  but in the mature mucous c e l l  these membranes are  
sometimes d i f f i c u l t  to  d iscern .  In F ig .  10 the inner smooth membrane of  
the nucleus is ev iden t ,  but the outer  membrane, which has ribosomes 
attached to i t s  outer surface,  is a t  some points  in d is t in g u is h a b le  from 
the membrane of an adjacent mucinogen gra nu le .
The per inu c lear  c is te rn a  contains a f lo c c u le n t  m ater ia l  of  medium 
e le c t ro n  d e n s i ty ,  and junct ions  between th is  c is te rn a  and the channels 
o f  the rough endoplasmic ret icu lum (RER) are  v i s i b l e  (F ig .  11) .
The cytoplasm of the mucous c e l l  a lso  has a grea ter  e lec t ro n  
de n s i ty  than the cytoplasm of  the surrounding c e l l s .  I t  has an overa l l  
granular  appearance and contains s c a t te re d  darker  granules which are  
f r e e  ribosomes or r ibonuc leopro te in  (RNP) p a r t i c le s  (F ig .  i l ) .
Tonofilaments are  a lso  p resen t ,  but these are  not as numerous in the 
mucous c e l ls  as they are  in the columnar and cuboidal c e l l s .
A we 11-developed system of  RER is c h a r a c t e r i s t i c a l l y  seen in the 
basal and per iphera l  regions o f  the c e l l  (F ig s .  10, 11) .  The channels 
of th is  o rgane l le  are  d i l a t e d  and contain  a f lo c c u le n t  m ater ia l  of  
medium e lec t ro n  d e n s i ty .
The Golgi complex is a lso  ex tens ive  in the mucous c e l l s .  This 
organe l le  consists of  a se r ies  of p a r a l l e l  recurved c is te rn a e ,  or 
saccules, and v e s ic le s  located in the region above the nucleus and
extending upward in a c u p - l i k e  fashion (F ig .  10) .  The mater ia l  in the
saccules and v e s ic le s  o f  the Golgi complex appears s im i la r  to  th a t  seen 
in the mucinogen granules (F ig .  11) .
The m ater ia l  w i th in  the secre to ry  granules appears filamentous  
(F ig .  11) and, f r e q u e n t ly ,  there  is a much more dense, spherical  
accumulation o f  mucinogen in one area of the secre t ion  granule (F igs.
10, 11).. The mucinogen granules e x h ib i t  some v a r i a t i o n  in s ize  and 
de ns i ty ,  but no c le a rc u t  c o r r e l a t i o n  of decreasing density  in the larger  
granules as compared to the sm al le r  ones can be seen (F igs.  6, 8 ) .
The membranes around the in d iv id ua l  mucinogen granules do not 
always appear continuous ( F i g s . . 6 ,  8 ) ,  and th is  is e s p e c ia l ly  true  of  
the granules in the a p ica l  region o f  the c e l l s  and of  those which are  
being extruded (F ig .  6 ) .  I t  is a lso notable  tha t  small amounts o f  the
cytoplasm are located among the granules and that  th is  cytoplasm is
extruded along w i th  the mucinogen. This would in d ic a te  an apocrine 
mode of  s e c re t io n .
Mitochondria (F ig s .  10, 11) are  not e s p e c ia l ly  numerous in the 
mucous producing c e l l s ,  and t h e i r  shape appears somewhat d is t o r te d .
They do have the ty p ic a l  inner and outer  un i t  membranes w i th  the inner  
membrane being folded to form c r i s t a e .  These c r i s t a e  are tubular  and 
i r r e g u l a r ,  and they are  not numerous. The mitochondria l m atr ix  has a 
granular  appearance s im i l a r  to the surrounding cytoplasm.
Occasional ly , s t ru c tu re s  a re  seen in the mucous c e l l s  which appear 
to be lysosomes (F ig .  11).  They are  l im i te d  by a s in g le  membrane, and 
they contain  very dense granules and in te rn a l  membranes.
The other c e l ls  o f  the e p i th e l iu m  show no evidence o f  e i t h e r  
secre tory  or absorpt ive  funct ions  and must be designated simply as the  
cuboidal and columnar c e l l s .  In H. and E. preparat ions (F ig .  3) the  
cytoplasm appears e o s in o p h i l ic  and homogeneous, and the nuclear pa t te rn  
is v e s ic u la r  w i th  l i g h t l y  b a s o p h i l ic  scat te red  clumps of chromatin. 
Nuclear membranes are prominent because of  the adherent chromatin 
m a t e r i a l ,  and nucleo l i  are f r e q u e n t ly  seen. Cel l  boundaries are  
d i s t i n c t .
The columnar and cuboidal c e l l s  which border the lumen are expanded 
a t  the apical surface and appear to form caps over the mucous c e l ls  
(F ig .  3 ) .  There is no evidence o f  f r e e  c e l l  su f face  s p e c ia l i z a t io n s  
such as c i l i a  or m i c r o v i l l i ,  and the prev iously  mentioned histochemical  
techniques for  carbohydrates y ie ld  no evidence o f  a g lycoprote in  surface  
c o a t .
Typical examples of the  f i n e  s t r u c tu r e  o f  the columnar and cuboidal
c e l l s  of the esophageal e p i th e l iu m  are  shown in Figs.  6 and 7. With the
exception of  a few very e le c t ro n  dense c e l l s  a t  the surface o f  the
e p i th e l iu m  (F ig .  7 ) ,  the non-secre tory  c e l ls  have much less e lec t ro n
dense nuclei and cytoplasm than the adjacent mucous c e l l s .
The basal c e l ls  (F ig .  6) have granular  nuclei which are surrounded 
by the ty p ic a l  two membranes w i th  a broad p e r inu c le ar  c is te rn a  between 
them. Mitochondria are  f a i r l y  numerous and are  oval or  elongate with  
tubular  c r i s t a e .  A Golgi complex is sometimes seen, but i t  is usual ly  
small and inconspicuous. Scattered tonofilaments which e x h ib i t  no 
p a r t i c u l a r  o r ie n ta t io n  are  found in the cytoplasm (F igs .  6 ,  10) .  Free 
ribosomes and a small amount o f  smooth endoplasmic ret iculum are 
evident  (F ig .  10) .
The l i g h t  c e l ls  which are  present a t  the f re e  surface of  the  
ep i th e l ium  (F ig .  6) are very s im i l a r  to the basal c e l l s .  Frequently,  
however, the nuclear membrane is not v i s i b l e  in these c e l l s ,  and the 
nuclear m ater ia l  is separated from the cytoplasm by an i r re g u la r  
e le c t ro n  lucid region .  A narrow zone o f  s l i g h t l y  g rea ter  e lectron  
density  is present immediately below the plasma membrane a t  the f r e e  
surface of  the c e l l s .  This g rea ter  e le c t ro n  dens ity  is caused by a 
grea ter  concentrat ion of  t o n o f i b r i l s  in the area.  The outer surface of  
the plasma membrane is smooth, and there  is no evidence o f  a surface  
coat .
The dark c e l l s  (F ig .  7) which a re  found at  the f r e e  surface are  
character ized  by a much g re a te r  concentra t ion of  t o n o f i 1 aments and 
ribosomes. Mitochondria are  numerous and have i r r e g u la r  p r o f i l e s .  
Nuclear membranes are  not e v id e n t ,  and the nuclear m ater ia l  is separated 
from the cytoplasm by an e le c t ro n  luc id  region such as is found in the 
l i g h t  surface c e l l s .  A narrower zone of  s l i g h t l y  g rea ter  concentrat ion  
of t o n o f i 1 aments is v i s i b l e  immediately beneath the plasma membrane at 
the f r e e  sur face ,  and there  is no evidence o f  a surface coat.
The l a t e r a l  surfaces o f  both the non-secretory c e l l s  and the mucous 
c e l l s  e x h ib i t  a moderate amount o f  i n t e r d i g i t a t i o n  (F ig .  6 ) .  Zonulae 
occludentes are  present on the l a t e r a l  surfaces adjacent to the lumen 
(F ig .  7 ) ,  and numerous desmosomes are  present (F igs .  6 , 10, 11) .  These 
are  ty p ic a l  b u t t o n - l i k e  s t ru c tu re s  consis t ing  of very e lec t ro n  dense 
plaques of  amorphous m ater ia l  on the inner surfaces o f  the two opposing 
c e l l  membranes. Tonofilaments can be seen coursing in to  th is  dense 
region (F ig .  11 ) .  The basal surfaces of the c e l ls  adjacent to the  
basal lamina a lso  e x h i b i t  i r r e g u la r  contours.
The d e s c r ip t io n  given above is o f  the typ ica l  f i n e  s t ru c tu ra l  
c h a r a c t e r is t ic s  o f  the esophageal ep i th e l ium  as found in the m a jo r i ty  of  
the specimens examined w i th  the e le c t ro n  microscope. A considerably  
d i f f e r e n t  s t r u c tu r e  was found in the esophageal ep i the l ium  of one o f  the 
specimens. The f in e  s t r u c tu r a l  c h a r a c te r is t ic s  of th is  ep i the l ium  are  
shown in Figs.  8 ,  9 ,  and 12. The non-secretory e p i t h e l i a l  c e l ls  contain  
w e l l -d e f in e d  areas of  medium e le c t ro n  dens ity  in the cytoplasm which at  
higher m agn i f ica t ion  (F ig s .  9,  12) are  seen to consist  o f  very dense 
accumulations of  tonof i laments  . Other less densely packed tonofilaments  
form an i r r e g u la r  network in the cytoplasm, and they can be seen 
coursing from one dense bundle to  another (F ig .  9 ) .  These c e l ls  a lso  
conta in  f r e e  ribosomes, small amounts o f  smooth endoplasmic re t icu lum ,  
and ty p ic a l  m itochondria .  The nucle i  (F ig .  8) a re ,  in a l l  cases,  
surrounded by two u n i t  membranes. Those c e l ls  which reach the f r e e  
surface have what appears to be a f i lamentous surface coat (F ig .  9 ) .
The basal and l a t e r a l  surfaces o f  the c e l l s  of th is  ep i the l ium  have 
ra ther  smooth contours (F ig .  8 ) .  Typical zonulae occludentes (F igs .  8 ,
9) and desmosomes (F igs .  8 ,  12) are present,  and s tructures  which appear
to be haIf-desmosomes occur a t  the basal surface (F ig .  12 ) .  The 
di f fe rences  between th is  e p i th e l ium  and the more prevalent  one described 
previously  were not d e te c ta b le  a t  the l i g h t  microscope l e v e l .
Another fe a tu re  o f  the ep i th e l ium  is the presence of  tastebuds in 
the most a n te r io r  p o r t io n  of  the esophagus. These are f lask-shaped  
structures  (F ig .  3) which are u sua l ly  found on the surfaces o f  the 
mucosal folds ra th e r  than on the sides or bases. They extend through 
the e n t i r e  depth of  the e p i th e l iu m  and open a t  the surface by means of  
a gustatory pore. Two types o f  c e l ls  are present .  One o f  these is the 
sensory or t a s te  c e l l ,  which is t a l l  and slender w i th  very eos inophi l ic  
and homogeneous cytoplasm. The nucleus, which is located in the middle 
t h i rd  of  the c e l l ,  is e lon gate ,  contains coarse chromatin granules,  
and has a condensation o f  chromatin m ater ia l  adjacent to the nuclear 
membrane which gives the nucleus a heav i ly  b asoph i l ic  outer  border.
The other type o f  c e l l  present is l i g h t e r  and has a nucleus which is 
more basa l ly  located and d is t in g u is h a b le  from the nucleus o f  the sensory 
c e l l  by i ts  la rge  s i z e ,  round shape, v e s ic u la r  nuclear p a t te rn ,  and a 
much less prominent nuclear membrane.
No basement membrane is v i s i b l e  in l i g h t  microscopy, but a basal 
lamina is evident a t  the f i n e  s t r u c tu r a l  level (F igs .  6 ,  8 ,  12) .  This 
is a th in ,  homogeneous layer  when seen at  low m agn i f ica t ion  (F igs .  6 , 8 ) .  
At higher m agn i f ica t ion  (F ig .  12 ) ,  however, a f i n e  f i lamentous s t ru c tu re  
is revealed, and the basal lamina can be resolved in to  an inner e lectron  
lucid  layer  and an outer  more e le c t ro n  dense region.
The lamina p rop r ia  of  the esophagus is a r e l a t i v e l y  loose and 
i r r e g u la r  f i b r o e l a s t i c  connect ive t issue  which a t ta in s  i ts  greatest  
depth in the dorsal and v e n t ra l  regions and is reduced to a rather  thin
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layer  l a t e r a l l y  (F igs .  2, * 0 .  The predominant f ib e r s  and c e l l s  o f  th is  
t is s u e  are the collagenous f ib e r s  (F ig s .  2, 3, k ,  5) and the f ib rocytes  
(F ig s .  3 , 5 ) .  Other c e l ls  which are common, but are not d is t ingu is ha b le  
in l i g h t  microscopy, are macrophages. Lymphocytes and granulocytes are  
not evident  in the lamina p ro p r ia  o f  the esophagus. Numerous blood 
vessels (F igs. 3 , 5) are found throughout the t is s u e ,  and muscle f ib ers  
from the lo ng i tud ina l  bundles o f  the muscularis externa are f req ue nt ly  
found extending up in to  the  mucosal fo lds  (F ig s .  2, k ,  5 ) .  In the upper 
esophagus these f ib e r s  are predominantly of the s t r i a t e d  v a r ie ty  (F ig .  
2 ) ,  and they are smooth in the lower esophagus (F ig .  5 ) .  This d i f f e r ­
ence in the kind of  muscle is the only  d i s t i n c t i o n  which can be made 
in the lamina propr ia  o f  the upper and lower port ions of  the esophagus.
In l i g h t  microscopy, col lagenous f ib e rs  are seen as f i n e ,  wavy
bundles (F igs .  2, 3 ,  **, 5 ) ,  and they are  e o s in o p h i l ic  in hematoxylin 
and eosin preparat ions ,  b lue  in Azan p re pa ra t ions ,  and intensely  stained  
in the PAS reac t io n .  These f ib e r s  appear to form a more dense network
in the mucosal fo lds in some areas than they do in the port ion of  the
lamina propria  adjacent to  the muscularis ex terna ,  but th is  is not a 
c o n s is te n t ly  occurring c o n d i t io n .  This lack of  d i f f e r e n t i a t i o n  between 
the s u p e r f ic ia l  and deep areas o f  the connective t is s ue  and the absence 
o f  a muscularis mucosae a re  the bases fo r  concluding tha t  no submucosa 
is present in the esophagus or any other  po rt ion  of the t r a c t .
in e lec t ro n  microscopy-, the collagenous f ib e r s  are seen to consist  
of  f i b r i l s  (F igs .  13, 1*0, and these are  shown in lo n g i tu d in a l ,  cross,  
and oblique sect ions .  The c h a r a c t e r i s t i c  p e r i o d i c i t y  o f  these f i b r i l s  
is evident  in the inset in Fijg. 13.
In l i g h t  microscopy, only the nuclei of the connect ive t is s u e  c e l l s  
are v i s i b l e ;  thus, c e l l  i d e n t i f i c a t i o n  at th is  leve l  o f  re s o lu t io n  is 
extremely  d i f f i c u l t .  Most o f  the nuclei are oval and v e s ic u la r  w i th  
f i n e  chromatin patterns  and prominent n u c le o l i ,  but o c c a s io n a l ly  they  
appear more compressed and densely chromatic (F ig s .  3 ,  5 ) .  The m a jo r i ty  
of these are f i b r o c y t i c  n u c le i ,  but some are the nucle i  o f  macrophages. 
Lymphocytes are  seldom present .
In e le c t ro n  microscopy, the th in  cytoplasmic processes of the 
f ib ro c y te s  are evident  throughout the lamina propr ia  (F ig s .  13, 14, 15) .  
The nucle i  of  the f ib ro c y te s  are  granular in appearance and are  sur­
rounded by a ty p ic a l  nuclear  envelope. Nuclear pores are f re q u e n t ly  
seen (F ig .  1 4 ) ,  and a very e le c t ro n  dense diaphragm is present in the  
pores. The cytoplasm o f  these c e l l s  appears to be almost devoid of  
organe l les  (F ig .  14 ) .  The w e l1-developed RER which is c h a r a c t e r i s t i c  o f  
f ib r o b la s t s  is not p resen t .  These c e l l s ,  th e r e fo re ,  a re  in a ra th e r  
in a c t iv e  s t a t e ,  and the synthesis  of f ib e rs  and m a tr ix  is a t  a minimum. 
I t  is f o r  th is  reason th a t  they are re fe r red  to as f ib ro c y te s  ra th e r  
than using the term f i b r o b l a s t ,  which implies an a c t i v e  s t a t e .
Two c e l l s  which are  not i d e n t i f i a b l e  in l i g h t  microscopy are  very  
prominent in e le c t ro n  microscopy. One of these c e l l  types is a macro­
phage which occurs in large numbers and is charac te r ized  by the presence 
of  numerous lysosomes in the cytoplasm (F igs.  13, 1 5 ) .  The lysosomes 
are  surrounded by a s in g le  membrane, and they a re  i r r e g u la r  in shape. 
Some a r e  completely f i l l e d  w i th  a very e lectron  dense substance,  
whereas others a re -o n ly  p a r t i a l l y  f i l l e d .  Mitochondria  are  sparse and 
conta in  few c r i s t a e  (F ig .  15)> and a few f r e e  ribosomes are  found in 
the cytoplasm.
The other c e l l  type (F igs .  13, 15),  which is a lso  thought to be a 
macrophage, occurs much less f requent ly  and has a very unusual appear­
ance. Numerous very e le c t ro n  dense inc lus ions,  some o f  which have a 
core of  lesser e le c t ro n  d e n s i ty ,  are found in the cytoplasm (F ig .  13).  
Some of  these are  enclosed in lysosomes which are s im i l a r  to  the 
lysosomes of  the prev ious ly  described macrophage. Id e n t ic a l  inclusions  
a re  sometimes present in f ib ro cy te s  but are  not as numerous (F ig .  13) .  
These inclusions apparent ly  represent phagocytized m a t e r i a l .  In 
contra s t  to the prev ious ly  described macrophage in which mitochondria  
are  scarce, th is  c e l l  contains many very e le c t ro n  dense mitochondria  
w ith  numerous c lo s e ly  packed c r is t a e  (F ig .  13) .
Numerous blood vessels are present in the lamina p ro p r ia  (F igs .  3 ,  
5 ) ,  and the f in e  s t ru c tu re  of  these is shown in F igs .  13, 16, and 17.
In the a r t e r i o l e  (F igs .  16, 17) the wall  is composed o f  an endothe l ia l  
l i n i n g  surrounded by a s in g le  layer  of smooth muscle. The f la t te n e d  
e n d o th e l ia l  c e l l s  of  both the c a p i l l a r y  (F ig .  13) and the a r t e r i o l e  
(F ig s .  -16, 1*7) conta in  numerous round or f lask-shaped p in o c y to t ic  
v e s i c le s .  Most of  these are  s t i l l  attached to  the  plasmalemma, and 
r e l a t i v e l y  few are  f r e e  in the cytoplasm. These v e s ic le s  are not of the 
coated v a r i e t y .  The cytoplasm of the endo the l ia l  c e l l s  contains  
numerous i r r e g u l a r l y  arranged f i lam e n ts ,  sca t te red  ribosomes, and a 
small amount of  endoplasmic ret iculum (F ig .  17) .  Typica l  desmosomes are  
present (F ig .  16) as w e l1 as regions of t i g h t  ju n c t io n  such as are found 
in the zonulae occludentes.
The smooth muscle c e l l s  a lso have the small f lask-shaped pinocyto­
t i c  v e s ic le s .  I t  is in te r e s t in g  to note th a t  these are  found only  at  
the surface of the muscle c e l l  which is away from the endothelium. The 
s ig n i f ic a n c e  o f  th is  is not known.
The endothe l ia l  c e l l s  re s t  on a typ ica l  basal lamina (F ig s .  13,
16 ) ,  and the smooth muscle c e l l s  are surrounded by a s i m i l a r  coat which 
is more a p p ro p r ia te ly  re fe r re d  to as a glycocalyx ,  or an ex terna l  
lamina, s ince i t  completely surrounds the c e l l .
No nerve c e l l  bodies were found in the lamina p rop r ia  o f  the  
esophagus or of any other  par t  of  the t r a c t .  However, numerous 
nonmyelinated nerve f ib e r s  are present throughout the lamina propr ia  
(F ig s .  13, 18) .  These are usual ly  enveloped by Schwann c e l l s ,  arid many 
nerve f ib e r s  can be seen enclosed by a s ing le  Schwann c e l l ( F i g .  18).
The arrows in F ig .  18 in d ic a te  areas where c o n t in u i ty  o f  the plasmalemma 
of  the Schwann c e l l  can be seen as i t  fo lds in from the s ur face .  The 
nerve f ib e r s  contain  mitochondria , v e s ic le s ,  and n e u r o f i b r i l s .  The 
v e s ic le s  are most numerous in the port ion of  a nerve f i b e r  near a
synapse and, thus, are  not always seen. The Schwann c e l l  has a large
nucleus and cytoplasm which contains very few o rg a n e l le s .  This c e l l  has
an ex terna l  lamina surrounding i t  s im i la r  to that  o f  the muscle c e l l s .
The muscularis externa of the esophagus is composed o f  dorsal and 
v e n t ra l  long i tud ina l  bundles o f  muscle f ib e rs  surrounded by an outer  
c i r c u l a r  muscle layer  (F ig s .  2 , k ) . The long i tu d in a l  bundles gradual ly  
spread around the gut as the p o ste r io r  end of  the esophagus is approach­
ed, but they never f o r m a  complete inner layer  of  lo n g i tu d in a l  muscle 
(F ig .  4 ) .  The c i r c u l a r  layer  contains only s t r i a t e d  muscle throughout 
the length of  the esophagus (F igs .  19, 23 ) ;  the lo n g i tu d in a l  muscle, 
however, is mixed (F igs .  19, 2 2 ) .  In the upper esophagus s t r i a t e d  
f ib e r s  are predominant w i th  a few smooth muscle f ib e r s  running e i th e r  
l o n g i tu d in a l l y  or o b l iq u e ly  among the s t r i a t e d  v a r i e t y  (F ig .  19 ) .  The 
amount of smooth muscle gradua l ly  increases as the ju n c t io n  w i th  the
stomach is approached, and in the lower esophagus smooth muscle f ib e rs  
predominate w i th  only a few of the large s t r i a t e d  f ib e rs  being present  
a t  the esophageal-cardiac j u n c t io n ( F ig .  2 2 ) .
The lo ng i tud ina l  muscle bundles are  surrounded by an epimysium 
composed of loose, f i b r o e l a s t i c  t is s u e  which a c t u a l l y  cannot be 
d is t ingu ished  from the lamina p ro p r ia  (F ig s .  2 , 4 ) .  Perimysium composed 
o f  f in e  collagenous f ib e r s  and f ib ro c y te s  extends inward and divides the 
bundles in to  i r r e g u la r  f a s c ic le s  (F ig .  19 ) .  Surrounding the indiv idual  
muscle f ib e r s  is a very th in  and f i n e  collagenous t is s u e ,  the endomysium 
(F ig .  2 0 ) .
The s t r i a t e d  f ib e r s  are m u lt inuc lea ted  and have vary ing diameters 
(F igs .  19, 20, 2 2 ) .  Some.of these f ib e r s  appear c y l in d r ic a l  but others  
have an angular  shape (F ig .  2 0 ) .  Nuclei are  located p e r ip h e r a l l y ,  
immediately beneath the sarcolemma and have a v e s ic u la r  chromatin 
p a t t e r n ,  and a prominent nucleolus is f re q u e n t ly  v i s i b l e  (F ig s .  20, 2 2 ) .  
The cut ends of the m y o f ib r i l s  are prominent in the sarcoplasm and give  
the f i b e r  a s t ip p le d  appearance (F ig s .  20, 2 2 ) .  The m y o f ib r i l s  are 
uniform ly  d is t r ib u te d  ra ther  than being grouped to form the areas of 
Cohnheim. The smooth muscle c e l l s  are ty p ic a l  mononucleated, sp ind le -  
shaped c e l l s  in which the nuclei a re  located in the centra l  port ion of  
the f ib e r s  (F igs .  20, 2 2 ) .  M y o f i b r i l l a r  s t i p p l i n g  is not evident in the 
cytoplasm.
The c i r c u l a r  layer o f  the muscularis ex terna ,  which is composed 
e n t i r e l y  o f  s t r i a t e d  muscle, is from seven to ten muscle f ib e r s  in width  
(F ig s .  19, 20, 2 3 ) .  Among these f ib e r s  is an endomysium consis t ing  of  
f in e  collagenous f ib e rs  and more ex tens ive  areas o f  connective t issue ,
the perimysium, which contains blood vessels and nerves in add i t ion  to 
the connective t is s u e  f ib e r s  and c e l l s  (F igs .  21, 2 3 ) .
The s t r i a t e d  muscle f ib e r s  always appear wavy and in ter tw ine  w i th  
one another (F ig s .  19, 21, 2 3 ) .  Nuclei a re  seen to b e t te r  advantage 
here than in the cross sections of  the muscle (F ig s .  21, 2 3 ) .  They are 
la rg e ,  ov a l ,  and v e s ic u la r  and have prominent n u c le o l i ;  thus, they are  
e a s i ly  d ist inguished from the smaller  and compressed f ib ro c y te  n u c le i .  
The m y o f ib r i l s  which f i l l  most of  the c e l l  are seen in longitudinal  
view, and t h e i r  cross s t r i a t e d  appearance is evident (F igs.  21, 2 3 ) .
The dark an is o tro p ic  (A) band, l i g h t  is o t ro p ic  ( I )  band, and Z l i n e  are  
best seen in F ig .  23.
The f in e  s t r u c tu r e  o f  the s t r i a t e d  muscle f ib e r s  as they appear in 
lo ng i tud ina l  and cross sect ion  is shown in Figs. 24, 25, 26, 27, and 28.  
The sarcolemma is very i r r e g u l a r ,  and i n t e r d i g i t a t i o n  with the adjacent  
c e l l s  is common ( F ig .  2 k ) .  Numerous small invaginat ions of  the sarco­
lemma are v i s i b l e  a t  the per iphery  of the c e l l  (F igs .  24, 2 7 ) ,  arid these  
appear to be the beginning o f  the t ransverse tubu les .  An external  
lamina is present and forms a th in  layer  adjacent  to the sarcolemma 
(F igs .  27, 2 8 ) .
In the lo n g i tu d in a l  views of  the s t r i a t e d  muscle o f  the c i r c u la r  
layer  (F igs.  24, 25) the arrangement o f  the a c t in  and myosin f i laments  
is in d ic a t iv e  o f  the contracted s ta te  o f  the muscle. The A band 
a c t u a l ly  extends from one. Z l i n e  to another, and the a c t in  f i laments  are  
seen between the th ic k e r  myosin f i l a m e n ts .  The Hensen (H) area o f  the A 
band is sometimes f a i n t l y  v i s i b l e  (F ig .  2 4 ) ,  and the M l in e  appears as a 
region of  s l i g h t l y  g re a te r  e le c t ro n  dens ity  in the m id l ine  of  the A band 
(F ig .  2 5 ) .  In the s t re tched  muscle f i b e r ,  the c h a r a c te r is t ic  banding of  
s t r i a t e d  muscle is much more d i s t i n c t  (F ig .  2 6 ) .
In cross sect ion  (F ig .  27) the m y o f ib r i l s  appear as i r r e g u l a r l y -  
shaped s t ru c tu re s ,  and the myofilaments give them a s t ip p le d  appearance.  
At higher m a g n i f ica t io n  (F ig .  2 9 ) ,  the myosin f i laments  appear as small 
very e lec tron  dense do ts ,  w h i le  the a c t in  f i lam ents  are smaller  and less 
e lec tron  dense. A l l  o f  the m y o f ib r i l s  are  not sectioned a t  the same 
l e v e l .  One o f  these was sectioned through a po rt ion  of  the A band 
contain ing only myosin f i la m e n ts ,  and these f i lam ents  have a rm - l ik e  
project ions extending from them (F ig .  2 9 ) .  The p a t te rn  of  arrangement 
of the myosin f i lam e n ts  is a hexagonal one, i . e . ,  each myosin f i lam e n t  
is surrounded by s ix  other  myosin f i la m e n ts .  In the m y o f ib r i ls  which 
contain cross sect ions o f  both the myosin and a c t in  f i lam ents ,  each 
myosin f i lam ent  is  surrounded by s ix  a c t in  f i la m e n ts .
The sarcoplasmic re t icu lum  forms an i r r e g u la r  network around the  
myofilaments (F igs .  25 ,  26, 27, 2 9 ) .  The c h a r a c t e r is t i c  associa t ion of  
the sarcoplasmic re t icu lum  with  the invaginat ions of  the sarcolemma, the  
t ransverse tubu les ,  is not c l e a r l y  v i s i b l e  in the contracted muscle. In 
the s t re tched,muscle ,  however, a c o n s is te n t ly  occurr ing associa t ion o f  
enlarged c is te rn a e  o f  the sarcoplasmic re t icu lum with  the transverse  
tubules is found at the  leve l  of  the Z l i n e  (F ig .  2 9 ) .
The round or oval p r o f i l e s . o f  numerous la rge  mitochondria are  
v i s i b l e  in the sarcoplasm (F igs .  25, 27, 2 8 ) ,  and several of  these are  
sometimes compressed together between m y o f ib r i l s  (F ig .  2 5 ) .  C r is ta e  
are numerous and i r r e g u l a r ,  and the m atr ix  is granular  and of low 
e lec tron  d e n s i ty .  Scattered  throughout the sarcoplasma are  numerous 
very e le c t ro n  dense glycogen p a r t i c le s  (F igs .  26, 2 7 ) .
The e le c t ro n  micrographs o f  the lo ng i tu d in a l  muscle bundles o f  the 
upper (F ig .  28) and lower (F ig .  29) esophagus a lso include port ions of
smooth muscle f i b e r s .  Among these and the s t r i a t e d  muscle f ib e r s  are 
collagenous f i b r i l s ,  f ib ro c y te s ,  macrophages, and nerves.
The serosa of  the esophagus is composed of a th in  layer  o f  a reo lar  
connective t i s s u e  covered by a s in g le  layer of f l a t t e n e d  m esothe l ia l  
c e l l s  (F ig s .  19, 2 1 ) .  F ibrocytes ,  sparsely arranged collagenous  
f i b r i l s ,  blood vesse ls ,  and nerves are  present (F ig .  3 0 ) .  Of p a r t i c u la r  
i n te r e s t  in the e le c t ro n  micrograph of th is  region is the la rge  ganglion 
c e l l  w i th  a p o r t io n  o f  what appears to be a s a t e l l i t e  c e l l  around i t .
A large  number o f  membrane p r o f i l e s  are v i s i b l e  in the cytoplasm o f  the 
neuron. Those which belong to  the Golgi complex can be recognized by 
the p a r a l l e l  arrangement of the c is te rn ae  which is c h a r a c t e r i s t i c  of  
t h is  organoid.  Throughout the cytoplasm RER, the Nissl substance o f  
l i g h t  microscopy, is ev iden t ,  and at c e r ta in  points  is continuous with  
the nuclear envelope. A number o f  lysosomes and mitochondria are seen, 
but n e u r o f i b r i l s  are  not v i s i b l e .  The th in  processes of  the s a t e l l i t e  
c e l l  extend around the nerve c e l l  body. This s a t e l l i t e  c e l l  is indented 
at  one p o in t  by what appears to be a process o f  the nerve c e l l .
Adjacent to th is  area is a nerve f i b e r  which is surrounded by a th in ,  
e le c t ro n  dense myel in sheath.
The m esothe l ia l  c e l l s  which cover the esophagus rest  on a th in  
basal lamina which consists of  an inner e lec t ro n  luc id  zone and an 
outer  more e le c t ro n  dense zone. Numerous p in o c y to t ic  v e s ic le s  occur at  
both the inner and outer  borders o f  the c e l l s .  Desmosomes are present  
a t  the ju n c t io n s  between mesothelia l cel 1s . No m i c r o v i l l i  a re  found 
extending in to  the per i tonea l  c a v i t y .
Esophageal-Gastric Junction
The esophageal-gastr ic  ju n c t io n  (F ig s .  31, 32) is charac ter ized  by 
an abrupt change from the esophageal e p i th e l iu m  to  a simple columnar 
e p i th e l iu m  which is composed o f  only  one c e l l  type and lacks u n ic e l lu l a r  
mucous glands.  The inner long i tu d in a l  muscle la y e r ,  which in the lower 
esophagus is composed of a mixture  o f  smooth arid s t r i a t e d  f i b e r s ,  changes 
to  one w i th  a completely smooth muscle composition (F ig .  3 2 ) .  An outer  
smooth muscle layer  (F ig .  33) a r ises  j u s t  p o s te r io r  to the area where 
the t r a n s i t i o n  in ep i the l ium  occurs, and smooth muscle f ib e rs  are  found 
coursing o b l iq u e ly  from the inner lo n g i tu d in a l  layer  to th is  outer  
l a y e r .  At th is  ju n c t io n  the c i r c u l a r  layer  o f  s t r i a t e d  muscle continues 
unchanged (F ig .  3 2 ) .
Stomach
The stomach is h i s t o l o g i c a l l y  d i v i s i b l e  in to  a card iac  (a n t e r io r )  
region (F ig .  3*0 and a p y lo r ic  (p o s te r io r )  region (F ig .  3 8 ) .  The c a r ­
d iac  p o r t io n  o f  the stomach is c h a rac te r ize d  by the absence of  g a s t r ic  
glands, a c i r c u l a r  muscle layer composed o f  s t r i a t e d  muscle, and a pre ­
dominantly dorsal and ventra l  lo ca t io n  o f  both the inner and outer  
layers  o f  lo ng i tu d in a l  smooth muscle. Only the p y lo r ic  region contains  
g a s t r ic  glands, and the c i r c u l a r  muscle layer  is composed e n t i r e l y  o f  
smooth muscle. The inner and outer lo n g i tu d in a l  muscle layers o f  th is  
region extend completely around the stomach, but ne i th er  forms a com­
p l e t e  la y e r .
The surface  epithel ium o f  the stomach remains the same throughout  
i t s  length (F igs .  35, 39, **0) . I t  is composed o f  t a l l ,  s lender ,  mucous- 
producing c e l l s  w i th  d i s t i n c t  l a t e r a l  c e l l  boundaries. Oval, v e s ic u la r  
nuclei w i th  prominent nuc leo l i  a re  located in the proximal th i r d  of  the
c e l l s .  With the exception of a c le a r  zone immediately above the 
nucleus, the cytoplasm is coarsely granu lar  and e o s in o p h i l ic .  The most 
d i s t a l  po r t ion  o f  the cytoplasm s ta ins  much more in tense ly  than the  
re s t  and may, a t  low magnif ica t ion  (F ig .  3 9 ) ,  g ive  the appearance of  
being a s t r i a t e d  border. When the PAS technique is used.on these c e l l s ,  
the d i s t a l  border and some of  the granules o f  the cytoplasm below react  
in te n s e ly .  No s ta in in g  react ion  is ob ta ined ,  however, w i th  A lc ian Blue 
or Astra  Blue, the sta ins for  acid mucopolysaccharides, or w i th  the  
methods fo r  demonstrating zymogen.
Examination of the f in e  s t r u c tu r e  o f  the surface e p i t h e l i a l  c e l l  
reveals  the presence of  a w e l1-developed Golgi complex above the nucleus 
(F ig s .  36, 4 1 ) ,  and, in the a c t i v e l y  syn thes iz in g  c e l l  (F ig .  4 1 ) ,  
se cre t ion  granules are  found m ig ra t in g  from the  Golgi zone to the f r e e  
surface  o f  the c e l l .  In other surface  e p i t h e l i a l  c e l ls  (F ig .  3 6 ) ,  
granules are found only at  the d i s t a l  b o rd e r .o f  the c e l l .  These mature 
granules are' very  e lec t ro n  dense and appear to  have undergone consider­
ab le  condensation. The in tense ly  PAS p o s i t i v e  react ion of the d is t a l  
po rt ion  of  the cytoplasm is caused by the  concentrat ion o f  secret ion  
granules in th a t  area.
Numerous mitochondria are found throughout the cytoplasm (F igs .  36,
4 1 ) .  Most o f  these are o f  the f i lamentous v a r i e t y ;  oc c a s iona l ly ,  they 
are branched (F ig .  3 6 ) .  C r is ta e  a re  i r r e g u l a r  and range from very short  
p ro jec t io ns  to  those which extend complete ly  across the mitochondrion.  
The mitochondria l m atr ix  is g ra n u la r ,  moderately e lec tron  dense, and 
contains numerous very e lec t ro n  dense granules .  A few lysosomes, a 
moderate amount of RER, and some f r e e  ribosomes are present  in the  
cytoplasm. T o n o f i1 aments form an i r r e g u la r  network throughout the c e l l
and are sometimes arranged in dense bundles s im i la r  to those seen in the  
esophageal ep i th e l ium .
The nuclei of  the surface  e p i t h e l i a l  c e l l s  f req u e n t ly  e x h ib i t  very  
i r r e g u la r  p r o f i l e s  (F ig .  3 6 ) .  They are enclosed by typ ica l  nuclear  
envelopes, and nuclear pores are  numerous. Nucleoli  appear as i r r e g u la r  
areas o f  grea ter  e le c t ro n  dens i ty  in the nucleoplasm.
The l a t e r a l  surfaces o f  these e p i t h e l i a l  c e l l s  e x h ib i t  ra ther  
extensive  i n t e r d i g i t a t io n s  (F ig s .  36, 4 l ) ,  and ty p ic a l  desmosomes are  
present (F igs .  36, 3 7 ) .  'Along the l a t e r a l  surfaces at  the apices of  the  
c e l l s  are ty p ic a l  ju n c t io n a l  complexes cons is t ing  of a zonula occludens, 
zonula adherens, and macula adherens (F ig .  3 7 ) .  The f r e e  surface has a 
small number of  short  and i r r e g u la r  m i c r o v i l l i  (F igs .  36, 37, ^ 1 ) .  What 
appears to be a f i lamentous surface  coa t ,  the antennulae m ic ro v i1 l a r e s , 
is sometimes attached to  the outer surface  o f  the m i c r o v i l l i  (F ig .  3 7 ) .
Lymphocutes and granulocytes are found in the g a s t r ic  ep i the l ium .  
The lymphocytes are r e l a t i v e l y  smal1 c e l l s  w i th  round, densely chromatic  
nuclei and very l i t t l e  cytoplasm (F ig .  35) and are seen very in f requent ­
l y .  The granulocytes (F ig .  35) occur in much g reater  numbers and are  
usua l ly  located at the base o f  the e p i th e l iu m .  These are la rge ,  ovoid 
c e l l s  w i th  very pale  cytoplasm conta in ing  a few l i g h t l y  e o s in o p h i l ic  
granules. The nuclei a re  round and densely chromatic.
In the p y lo r ic  p o r t io n  o f  the stomach there  are numerous saccular  
invaginat ions on the sides and bases o f  the mucosal fo lds which are  
l ined  wi th  an e n t i r e l y  d i f f e r e n t  type of  ep i th e l ium  (F igs .  38, 39, ^ 0 ) .  
These are small and simple m u l t i c e l l u l a r  g a s t r ic  glands which are  
composed of  only pne c e l l  type,  and no neck mucous c e l l s  occur between 
the gland c e l l s  and the sur face  e p i th e l ium  (F igs .  39, ^ 0 ) .  The c e l ls
which l in e  the glands are  pyramidal in shape w i th  round, basal1y located  
nuclei and i n d i s t i n c t  l a t e r a l  c e l l  boundaries (F ig .  4 0 ) .  The cytoplasm,  
which s ta ins  much more l i g h t l y  than the cytoplasm of  the surface  
e p i t h e l i a l  c e l l s ,  contains numerous eos in o p h i l ic  granules (F ig .  4 0 ) .
No s ta in in g  reac t io n  is obtained in these c e l l s  w i th  any o f  the s ta ins  
fo r  carbohydrates or f o r  zymogen.
A prominent f e a tu r e  o f  the f in e  s t ru c tu re  o f  the gland c e l ls  is the  
presence of  la rge  numbers o f  mitochondria whose oval or e longate,  and 
sometimes branched, e le c t ro n  dense p r o f i l e s  are seen throughout the  
cytoplasm (F igs .  41, 4 2 ) .  Numerous p l a t e - l i k e  c r is t a e  are present  
(F igs .  43 ,  4 4 ) ,  and these f re q u e n t ly  anastomose with  one another (F ig .  
4 4 ) .  The mitochondria l m atr ix  is granular  and considerably more 
e lec tron  dense than the surrounding cytoplasm (F igs .  43 ,  4 4 ) .
A Golgi complex, cons is t ing  o f  p a r a l l e l  recurved c is te rn ae  and 
vesic les  (F ig s .  41 ,  43) is p resen t .  This organe l le  does not show a 
p r e d i le c t io n  fo r  a supranuclear lo c a t io n ,  but rather  is found o f ten  in 
a posi t ion  l a t e r a l  to the nucleus (F ig .  4 3 ) .  A small amount of  RER and 
numerous f r e e  ribosomes are confined p r im a r i ly  to the basal port ion  of  
the c e l l  (F ig .  4 3 ) .  Regions of  c o n t in u i ty  between the RER and the  
per inu c lear  c is te rn a  are  f re q u e n t ly  v i s i b l e  (F ig .  4 3 ) .  Many smooth 
surfaced v es ic les  occur throughout the cytoplasm above the nucleus 
(F igs .  43 ,  44 ,  45)» becoming more numerous a p i c a l l y  (F ig .  4 5 ) .  Most o f  
these appear to conta in  a substance o f  medium e lec tron  dens ity .
The f r e e  sur face  o f  the gland c e l l  is charac ter ized  by an extensive  
system of  invaginat ions of  the plasma membrane (F igs .  42 ,  4 3 ) .  The 
basal surface  (F ig s .  4 2 ,  43) always e x h ib i ts  a smooth p r o f i l e .  Latera l  
c e l l  boundaries, however, show considerable  i n t e r d i g i t a t  ion with
adjacent c e l l s  (F igs .  4 l , 42 ,  4 3 ) ,  and th is  is most extensive  near the 
base of  the c e l l  (F ig .  4 1 ) .  A ju n c t io n a l  complex is present on the 
l a t e r a l  sur face  adjacent  to  the lumen o f  the gland (F ig .  4 5 ) .  Typical  
desmosomes occur randomly along the l a t e r a l  surface ( F ig .  4 3 ) .
The g a s t r ic  e p i th e l iu m  rests  on a basement membrane which in some 
areas is th ic k e r  than tha t  in the esophagus and is sometimes v i s i b l e  in 
l i g h t  microscopy (F ig .  4 0 ) .  E lectron  microscopy reveals  the presence 
of a ty p ic a l  th in  basal lamina (F igs .  36, 4 1 ,  42 ,  43) which can 
sometimes be resolved in to  an inner e le c t ro n  lucid and outer e lectron  
dense region (F ig .  3 6 ) .  In those areas in which the basement membrane 
is th ic k  enough to  be seen in l i g h t  microscopy, an a d d i t io n a l  la y e r ,  
the r e t i c u l a r  lamina, c o n s is t in g  of a dense arrangement o f  f in e  
collagenous f ib e r s  and f ib r o c y t e s ,  is present (F ig .  3 6 ) .
The lamina p rop r ia  in the most a n te r io r  port ion  o f  the cardiac  
stomach (F ig .  34) is a very  loose f i b r o e l a s t i c  connective t issue  such 
as is found -in the esophagus. However, in the p o s te r io r  port ion of the  
cardiac stomach and in the p y lo r i c  stomach (F igs .  38 ,  3 9 ) ,  there is a 
greater  de ns i ty  of both c e l l s  and f i b e r s .  In a d d i t io n ,  numerous ovoid,  
densely chromatic nuclei o f  lymphocytes and granulocytes are present 
(F ig .  3 9 ) .  The region around the glands is very vascu la r ,  and numerous 
c a p i l l a r i e s  are found in c lose  p rox im ity  to the basal lamina (F igs .  41 ,
4 2 ) .  Densely arranged collagenous f ib e r s  (F ig .  4 1 ) ,  f ib ro cy te s  (F ig .  
4 l ) ,  macrophages (F ig .  4 2 ) ,  and nerve f ib e r s  (F ig .  41) are ev ident .
The muscularis  externa  of  the card iac stomach (F ig s .  34, 46) 
consists o f  inner lo n g i tu d in a l  smooth muscle, a middle c i r c u l a r  layer of  
s t r i a t e d  muscle, and outer  lo n g i tu d in a l  smooth muscle. The two long i­
tudinal layers ,  which are in dorsal and v en tra l  locat ions a n t e r io r ly
(F ig .  3 *0 ,  g radua l ly  spread around the wal l  p o s t e r io r ly .  They then form 
th in  and incomplete layers in the p y lo r ic  region (F ig .  4 7 ) .  The 
s t r i a t e d  c i r c u l a r  muscle o f  the card iac  region is abrupt ly  replaced by 
smooth muscle in the p y lo r ic  region (F ig .  4 7 ) .
The c i r c u l a r  s t r i a t e d  muscle layer  o f  the upper stomach (F ig .  46)  
does not d i f f e r  from th a t  of the esophagus. The smooth muscle f ib e rs  of  
both the card iac  (F ig .  46) and p y lo r i c  (F ig .  47). region are typ ica l  
spindle-shaped, mononucleated c e l l s .  Longitudinal sect ions o f  these 
reveal taper ing c e l l s  wit'h c e n t r a l l y  located,  e longate,  and ve s ic u la r  
nuclei (F ig .  4 7 ) .  The cytoplasm is homogeneous, and m y o f ib r i ls  are not 
v i s i b l e .  Cel l  boundaries appear i r r e g u l a r .  In cross sect ion (F igs .  46 ,  
47) the v a r ia t io n s  in diameter r e f l e c t  both the tapered shape of  these 
c e l l s  and t h e i r  staggered arrangement.
The f i n e  s t ru c tu re  of the smooth muscle is shown in Figs. 48 -  52.  
In lo n g i tu d in a l  sections of these c e l l s  (F ig .  4 8 ) ,  the i r r e g u l a r i t i e s  o f  
the sarcolenpa are apparent.  Along the sarcolemma are numerous pinocy-  
t o t i c  v e s ic le s .  Very e le c t ro n  dense regions of the cytoplasm occur in 
associa t ion w i th  the sarcolemma a t  the points where i t  is invaginated,  
and no p in o c y to t ic  ves ic les  are found in these dense regions. With the  
exception o f  the small regions o f  sarcoplasm at  the poles of the 
nucleus, the c e l l  is almost e n t i r e l y  f i l l e d  w i th  very f in e  and l i g h t l y  
stained a c t in  f i l a m e n ts .  The Golgi complex, mitochondria , and smooth 
surfaced p r o f i l e s  of  the sarcoplasmic ret iculum are concentrated at  the  
poles of the nucleus. A small amount o f  sarcoplasmic ret icu lum and 
occasional mitochondria  are  found, however, among the myofilaments.
The concentrat ion of  organel les  around the nucleus is also seen in 
cross sections o f  the smooth muscle c e l ls  (F ig .  4 9 ) .  The myofilaments
give the cytoplasm a s t ip p le d  appearance (F igs .  50, 52 ) ;  some of  these,  
however, have a random o r ie n t a t io n  and do not run p a r a l l e l  to  the long 
axis  o f  the c e l l  (F ig .  5 0 ) .  In a d d i t io n  to the l i g h t l y  s ta ined a c t in  
f i la m e n ts ,  small aggregations o f  f i lam ents  which are very e le c t ro n  
dense a re  sometimes v i s i b l e  (F ig .  5 2 ) .  The l a t t e r  are thought to be 
myosin f i l a m e n ts .
Numerous desmosomes are v i s i b l e  between the smooth muscle c e l l s  
(F igs.  49 ,  50 ,  5 2 ) .  These are  character ized  by the presence o f  very  
e le c t ro n  dense zones in t'he sarcoplasm adjacent to the sarcolemma and 
e le c t ro n  dense m a te r ia l  in the i n t e r c e l l u l a r  space. The l a t t e r  
m ater ia l  sometimes has a g rea ter  dens ity  in the middle o f  the i n t e r ­
c e l l u l a r  space and appears as a dense l i n e  (F ig .  5 0 ) .  An occasional  
nexus is v i s i b l e  (F ig .  5 2 ) ,  but th is  type o f  ju n c t io n  is not as common 
as the desmosome.
The endomysium which surrounds the in d iv idua l  smooth muscle c e l l s  
consists of  .f ine collagenous f ib e rs  (F ig .  5 0 ) .  A few nerve f ib e r s  
(F igs .  49 ,  50) and c a p i l l a r i e s  (F ig .  49) are  found in th is  t i s s u e .  In 
the th in  layers o f  connect ive t issue  between the layers o f  the muscu- 
l a r i s  e x te rn a ,  an ex tens ive  myenteric plexus, consis t ing o f  nonmyelinated 
nerves and t h e i r  enveloping Schwann c e l l s ,  is present between the muscle 
layers ( F ig .  5 1 ) •
The serosa o f  the stomach is a very th in  layer  (F igs.  46 ,  47 ,  49,  
5 2 ) .  In most areas the outer  long i tu d in a l  muscle is separated from the  
mesothelium by on ly  a t h in  layer  o f  f i n e  collagenous f ib e rs  (F ig .  4 9 ) .
The mesothelium is composed of  ty p ic a l  squamous c e l l s  (F igs .  49 ,  52)  
conta in ing numerous p in o c y to t ic  v e s ic le s ,  a few mitochondria , and a
small amount of  smooth endoplasmic re t icu lum . These c e l ls  do not have 
m i c r o v i l l i ,  and a basal lamina is not present .
G a s t r o - ln t e s t in a l  Junction
The ju n c t io n  of  the p y lo r ic  stomach w i th  the upper in te s t in e ,  or 
midgut, is marked by a p y lo r i c  va lve  composed of  large mucosal fo lds and 
a sphincter  composed o f  a thickened layer o f  c i r c u l a r  smooth muscle 
(F ig .  5 3 ) .  The inner lo n g i tu d in a l  layer  of  the muscular is externa does 
not extend past th is  ju n c t io n ,  but the lo ng i tu d in a l  muscle continues as 
a s i i g h t l y  th ic k e r  la y e r  in to  the in t e s t in e .
Upper In t e s t in e  or Midgut
The midgut has b a s ic a l l y  the same h is to lo g ic a l  s t ruc ture  throughout 
i t s  length .  The g re a te s t  development o f  the mucosal folds is a t ta in e d  
in the p o rt ion  of  the midgut near the p y lo r ic  v a lv e  (F igs .  53, 5^, 5 5 ) ,  
and they become less numerous p o s t e r io r ly  (F ig .  6 6 ) .  In contrast to the  
lo ng i tu d in a l  fo lds  found in the esophagus and stomach, the mucosal fo lds  
of  the .midgut formaa more complex, i r r e g u la r  p a t te r n .  There are no 
v i l l i  in any p a r t  of  the i n t e s t in e .  The b i l e  duct enters the in te s t in e  
j u s t  p o s te r io r  to the p y lo r ic  va lve  (F ig .  5 *0 .
The e p i th e l iu m  o f  the in te s t in a l  mucosa is a simple columnar 
ep i th e l ium  composed of  columnar.absorpt ive c e l l s  and goblet c e l ls  
(F ig .  5 6 ) ,  and no m u l t i c e l l u l a r  glands are present .  Lymphocytes and 
granulocytes (F ig s .  5 6 , 63 ) occur in about the same numbers as in the  
stomach.
The absorp t ive  c e l l s  o f  the in te s t in e  (F ig .  56) are  t a l l ,  slender  
c e l l s  which are  broadest a t  t h e i r  ap ica l  surfaces and taper toward t h e i r  
bases. Nuclei a re  oval and ve s ic u la r  w i th  prominent nucleol i  and are  
located in the lower or middle th i rd  o f  the c e l l s .  The cytoplasm is
granular and e o s in o p h i l ic ,  and a prominent s t r i a t e  border is present a t  
the apica l  sur face .  In PAS s ta ined m a te r ia l ,  the s t r i a t e  border and 
some of  the granules o f  the  ap ica l  cytoplasm s ta in  in ten se ly .  Lateral  
c e l l  boundaries are i n d i s t i n c t  in l i g h t  microscopy.
With the e le c t ro n  microscope the s t r i a t e  border o f  the absorbing 
c e l l s  (F igs .  57, 58, 59) is seen to  consist  of  sm al l ,  f i n g e r - l i k e  
project ions o f  the cytoplasm, the m i c r o v i l l i ,  which are s t r i k i n g l y  
uniform in height and d iam eter .  The i n t e r i o r  of these contains a 
f i b r i l l a r  network (F ig .  59) which sometimes gives the m i c r o v i l l i  a more 
e lec tron  dense appearance than is found in the remainder o f  the cyto­
plasm. The t r i l a m in a r  s t r u c tu r e  o f  the u n i t  membrane of the m i c r o v i l l i  
is evident (F ig .  5 9 ) ,  and attached to the outer layer  of th is  membrane 
is a small amount of  f i n e ,  f i lamentous m a te r ia l .  This is the glycopro­
te in  surface coat ,  or antennulae microvi l-Jares, which is responsib le  for  
the PAS p o s i t iv e  re ac t io n  of the s t r i a t e  border. Although i t  is more 
apparent a t  the t ip s  of the  m ic r o v i11i in th is  p a r t i c u la r  photograph 
(F ig .  5 9 ) ,  the surface coat is a lso present on the la t e r a l  surfaces of  
those p ro je c t io n s .
Between the bases o f  the m i c r o v i l l i  are numerous invaginations  
(F igs .  5 8 , 59) which are evidence of  the m icropinocytot ic  a c t i v i t y  of  
these c e l l s .  Small p in o c y to t ic  ves ic les  which have a lready separated  
from the surface membrane are v i s i b l e  in the apica l  cytoplasm. These 
vesic les  are of  the smooth ra th e r  than the coated v a r i e t y .
In the apica l  region of the absorbing c e l l ,  immediately beneath the  
s t r i a t e  border , is a terminal  web (F igs .  57, 58, 59) consis t ing of  a 
dense network of t o n o f i 1 aments. Cytoplasmic organelles are conspicously  
absent from th is  region .  The i r r e g u la r  areas of s l i g h t l y  greater
e lec tron  dens ity  which are  sometimes v i s i b l e  in the terminal web are  
regions o f  g rea ter  concentrat ion of  tonofilaments  (F ig .  5 7 ) .
Mitochondria are  e s p e c ia l ly  numerous in the region between the 
terminal web and the nucleus (F ig .  5 7 ) .  These are predominantly of the 
f i lamentous v a r i e t y ,  and t h e i r  o r ie n t a t io n  is i r r e g u la r .  C r is ta e  are  
r e l a t i v e l y  numerous, and numerous in tram itochondria l  granules are  
present in the m atr ix  (F ig .  5 8 ) .  M u l t iv e s ic u la r  bodies, some of  which 
contain membranous whorls (F ig .  5 8 ) ,  and lysosomes (F igs .  57, 58) are  
also common in the ap ica l  region. The Golgi apparatus (F ig .  60) is 
supranuclear in p o s i t io n  and consists of  p a r a l l e l ,  and o f ten  d i l a t e d ,  
c is te rn a e  and associated v e s ic le s .  Both smooth (F ig .  58) and rough 
(F ig .  60) p r o f i l e s  o f  endoplasmic reticu lum are present, and these take 
the form of  i r r e g u la r  anastomosing c is te rn a e .  Free ribosomes (F ig .  60) 
are also present ,  and both these and the RER appear to be present in 
s l i g h t l y  g rea ter  concentrat ions in the lower port ions of the c e l l s .
Tonofilaments are  found throughout the cytoplasm (F igs .  57, 6 0 ) ,  and 
these occas iona l ly  form dense bundles.
An a d d i t io n a l  and unusual fe a tu re  o f  the columnar absorbing c e l l  is 
the presence of  s in g le  lam e l la r  s truc tures  w i th in  the cytoplasm (F igs .  
57,  60, 6 2 ) .  These appear as f la t te n e d  sacs bounded by two p a r a l l e l  
membranes which are th ic k e r  and more e le c t ro n  dense than the membranes 
of the endoplasmic re t icu lum ,  and they are never associated with  
ribosomes. Although these membranes may be found in any port ion  o f  the 
cytoplasm, they are most numerous in the basal port ions of the c e l l s .
In cross sections of the e p i t h e l i a l  c e l l s  (F ig .  6 2 ) ,  c o n t in u i ty  o f  the  
lam el lar  s t ru c tu res  w i th  the plasma membrane is v i s i b l e .
The l a t e r a l  boundaries o f  the absorbing c e l ls  have r e l a t i v e l y  
smooth contours (F ig .  5 7 ) ,  and very l i t t l e  i n t e r d i g i t a t i o n  occurs. The 
ju n c t io n a l  complex on the l a t e r a l  surface a t  the apex of the c e l l s  
consists o f  three  w e l l -d e f in e d  parts  (Fig 5 9 ) :  the zonula occludens,
zonula adherens, and macula adherens. Desmosomes (F igs .  57, 58 ,  60) 
occur a t  f requent in te r v a ls  along the l a t e r a l  surfaces. A grea ter  
density  o f  tonof i laments  is found in associa t ion  w i th  the elements of  
the ju n c t io n a l  complex (F ig .  59) and the desmosomes (F ig .  6 0 ) .  The 
basal surfaces o f  the c e f ls  have i r r e g u la r  contours, and tonofilaments  
are concentrated adjacent  to  the basal c e l l  membrane.
Goblet c e l l s  are  numerous throughout the midgut. No s ig n i f i c a n t  
v a r i a t i o n  in numbers occurs between the a n t e r io r  and poste r io r  port ions  
or between the apices and sides of  the mucosal folds (F ig .  5 5 ) .  The 
ty p ic a l  goblet  c e l l  (F ig .  58) has a narrow base, a basa l ly  located  
nucleus, and an apica l  region which is distended by mucinogen. In 
ro u t in e  H. and E. preparat ions (F ig .  5 6 ) ,  the nuclei are densely 
chromatic , and the mucinogen granules are  b a s o p h i l ic .  The mucinogen is 
sta ined by S c h i f f ' s  reagent a f t e r  pe r io d ic  acid ox id a t ion ,  and i t  a lso  
reacts p o s i t i v e l y  to A lc ian  Blue and Astra Blue techniques fo r  acid  
mucopolysaccharides.
The e le c t ro n  micrographs (F ig s .  57, 58, 60, 61) reveal a f in e  
s t ru c tu re  which is very s im i l a r  to tha t  of  the previously described 
esophageal mucous c e l l s .  Both the nucleus and the cytoplasm have a 
g re a te r  e le c t ro n  dens i ty  than the surrounding c e l ls  (F igs. 57, 6 0 ) .
RER and f r e e  ribosomes are abundant b a s a l ly  and l a t e r a l l y  (F ig .  6 0 ) ,  but 
these are a lso  found among the mucinogen granules (F igs .  60, 61) and are  
o ften  present in the m a te r ia l  being extruded in to  the in te s t in a l  lumen
(F ig .  5 8 ) .  F locculent  s e c re to ry  m a te r ia l  is ev ident  in the channels o f  
the endoplasmic re t icu lum (F ig s .  60 ,  6 1 ) .  A prominent Golgi complex is 
located above the nucleus and consists  o f  ves ic les  and recurved p a r a l le l  
c is te rn a e ,  or saccules, which are f re q u e n t ly  g r e a t ly  enlarged (F ig .  6 0 ) .  
The saccules of  the Golgi complex a lso conta in  a f lo c c u le n t  secretory  
m a te r ia l .  Tonofilaments are  f r e q u e n t ly  seen in dense bundles in the 
cytoplasm (F ig .  6 0 ) .
In the g r e a t ly  distended goblet  c e l l  (F ig .  57) the mucinogen 
granules appear pa le ,  and the membranes around these granules appear 
discontinuous. Examination o f  an e a r l i e r  stage in goblet c e l l  develop­
ment (F igs .  60, 61) reveals  the presence o f  much denser mucinogen 
granules around which the membranes usual ly  appear complete. These 
dense mucinogen granules have a very organized in terna l  s t ru c tu re ,  and 
an increasing degree of  o rg a n iz a t io n  is apparent ly  c o r re la te d  to some 
extent  w i th  increasing d e n s i ty  ( F ig .  6 1 ) .  In some of  the l ig h te r  
granules the mucinogen appears ra th e r  amorphous, w h i le  in others a 
f i lamentous substructure  is e v id e n t .  In the most dense regions of the  
mucinogen granules the f i lamentous m ater ia l  appears to be more compres­
sed, and the f i lam ents  have a smal ler  d iameter .  The pa t te rn  of  the 
f i lamentous arrangement is e s s e n t i a l l y  a c i r c u l a r  one.
A m ic rov i l lous  border is present a t  the apica l  surface of the 
goblet  c e l l s ,  but i t  has been d isrupted by the secre t ion  granules in the 
region of the f r e e  sur face  which is included here (F ig .  5 8 ) .  The 
l a t e r a l  surfaces e x h ib i t  very smooth contours (F ig .  6 0 ) .  A ju nc t ion a l  
complex is present on the l a t e r a l  surface at  the apex of  the c e l l  
(F ig .  58) ,  and ty p ic a l  desmosomes occur along the la t e r a l  boundaries 
(F igs .  60, 6 1 ) .
Lymphocytes and granulocytes are  present in large numbers 
p r i n c i p a l l y  a t  the bases o f  the e p i t h e l i a l  c e l l s  but are occas iona l ly  
found in the upper area o f  the ep i th e l ium  (F igs .  56, 6 3 ) .  The f in e  
s t ru c tu re  o f  the granulocytes is shown in F igs .  60 and 62. These c e l l s  
have a much less e le c t ro n  dense appearance than the surrounding 
e p i t h e l i a l  c e l l s .  Conspicuous in the cytoplasm are the numerous small 
membrane-bound granules conta in ing  a very e le c t ro n  dense m ater ia l  which 
is usua l ly  separated from the membrane by a zone of lesser e le c t ro n  
de ns i ty .  Few mitochondria  are  present ,  and the c r is t a e  o f  these are  
not e x tensive .  A small amount of  RER and some f r e e  ribosomes are  
present, Desmosomes are  never found between these c e l ls  and the 
adjacent e p i t h e l i a l  c e l l s .
The in t e s t in a l  e p i th e l iu m  rests on a basal lamina (F ig .  57) which 
is not v i s i b l e  in l i g h t  microscopy. This appears in e lec tron  microscopy 
as an e le c t ro n  dense band a t  the bases o f  the e p i t h e l i a l  c e l l s ,  and i t  
has a wavy appearance as i t  fo l lows the i r r e g u la r  contours of  the 
ep i th e l ium .
A lamina p rop r ia  (F ig s .  63 ,  64) conta in ing  coarse bundles of  
collagenous f ib e r s  is presen t .  The port ion  o f  the lamina p rop r ia  which 
extends in to  the mucosal fo lds (F ig .  63) contains numerous c a p i l l a r i e s  
which l i e  immediately adjacent  to the basal lamina of the e p i th e l iu m .  
Large granular  c e l l s  s i m i l a r  to the granulocytes in the ep i th e l ium  are  
present among the collagenous f i b e r s .  The outer  region o f  the lamina 
propr ia  (F ig .  64) contains many small blood vessels .
The muscularis ex terna  (F ig .  65) o f  the in te s t in e  consists of  an 
inner c i r c u l a r  layer  o f  smooth muscle and an ou te r ,  and s l i g h t l y  th in n e r ,  
long i tu d in a l  l a y e r .  These are  separated by a very vascular  connective
t is s u e .  The serosa (F ig .  65) is a th in  layer  consist ing of a s in g le  
layer  o f  mesothe l ia l  c e l l s  supported by a small amount o f  connective  
t is s u e .  The f in e  s t ru c tu re  of  the muscularis externa and serosa does 
not d i f f e r  from those o f  the stomach.
In t e s t in o - C o l i c  Valve
The i n t e s t i n o - c o l i c  va lve  (F igs .  66, 67) ,  which marks the ju n c t io n  
o f  the mid- and hindgut, is a c i r c u l a r  fo ld  extending in to the lumen.
I t  is composed p r im a r i ly  o f  c i r c u l a r l y  arranged smooth muscle f ib e rs  
(F ig .  67 ) w i th  only  a small amount o f  connective t is s u e .  In lo n g i tu d i ­
nal sect ions of  the gut (F ig .  66) the smooth muscle is seen as two sepa­
r a te  bands extending inward at  the base o f  the fo ld  and then blending  
together w i th in  the fo ld  to form a broad muscle band which extends almost  
to the bases o f  the e p i t h e l i a l  c e l l s .  The longi tud ina l  muscle layer of  
the midgut is continuous w i th  the long i tu d in a l  muscle of  the colon.
Colon
The mucosa of  the colon (F ig .  68) forms an i r r e g u la r  system of  
fo lds  s im i l a r  to  th a t  which is present  in the midgut. The e p i the l ium  
(F ig .  69) is composed of  columnar absorbing c e l ls  and goblet c e l l s ,  and 
i n f i l t r a t i o n  w i th  lymphocytes and granulocytes is common.
The absorbing c e l l s  of  the colon (F ig .  69) are t a l l ,  slender  
columnar c e l l s  w i th  a taper ing  toward the bases of the c e l l s .  Nuclei  
are  oval and v e s ic u la r  w i th  prominent nucleo l i  and are located in the  
proximal to middle th i rd s  o f  the c e l l s .  The most d i s t i n c t i v e  fe a tu re  
o f  these c e l l s  is the pa le  and vacuolated appearance o f  the cytoplasm 
which presents a sharp contras t  to the eos ino ph i l ic  cytoplasm of  the 
absorbing c e l l  o f / t h e  midgut. A s t r i a t e  border is present,  and th is  
region is sta ined by S c h i f f ' s  reagent fo l low ing  p er iod ic  acid o x id a t io n .
The most c h a r a c t e r i s t i c  fe a tu re  of the f in e  s t ru c tu re  of these 
c e l l s  is the presence of  numerous lysosomes in the apical cytoplasm 
(F igs .  70, 7 2 ) .  Some of  these are small heterogeneous s t ru c tu re s ,  but 
others are very conspicuous la rge  membrane bound bodies which f req ue nt ly  
conta in myelin c o n f ig u ra t io n s .  The in t e r i o r  of  these large lysosomes
contains a granular m a te r ia l  o f  low e lec t ro n  dens ity .
Mitochondria are  present both above and below the nuclei (F ig .  70 ) ,  
but are less numerous than in the c e l ls  o f  the upper in te s t in e .  These 
mitochondria are f i lam entous,  have numerous c r is t a e  and a dense matr ix  
(F igs .  71, 7 2 ) .  In t ram itochondr ia l  granules are f req u e n t ly  present
(F ig .  7 2 ) .  A Golgi complex is located above the nuclei (F ig .  7 0 ) .  RER
and f re e  ribosomes are present p r im a r i ly  in the lower two th irds  of  the 
c e l l  (F igs .  70, 7 2 ) .  S in g le  lam e l la r  s truc tures  (F ig .  70 ) ,  such as are 
found in the absorbing c e l l s  of the midgut, are also present.
The m i c r o v i l l i  of  the absorbing c e l ls  of  the colon (F igs .  70, 71) 
are shorter  and less uniform than those o f  the midgut. An occasional  
m ic ro v i l lu s  has a diameter n e a r ly  three times that  of  adjacent micro­
v i l l i ,  and some appear to  branch secondarily  (F ig .  7 1 ) .  Antennulae 
m ic ro v i1 lares are present .  The cytoplasm w i th in  the m i c r o v i l l i  and in 
the terminal web appears more e le c t ro n  dense because of  the concentra­
t io n  of tonofilaments (F ig s .  70, 7 1 ) .  In a d d i t io n ,  bundles o f  t o n o f i l a ­
ments extend f a r  in to  the cytoplasm below the terminal web (F ig .  71) .  
Micropinocytot ic  a c t i v i t y  is high in these c e l ls  as evidenced by the 
invaginations at  the bases of  the m i c r o v i l l i  and the numerous vesic les  
in the apical cytoplasm (F ig s .  70, 71 ) .
The la t e r a l  surfaces o f  the c e l ls  e x h ib i t  very l i t t l e  i n t e r d i g i t a -  
t io n  (F ig .  7 0 ) .  A zonula occludens is present on the la t e r a l  surface at
the apices o f  the c e l l s  (F ig .  7 1 ) ,  and ty p ic a l  desmosomes (F ig .  72) 
occur a t  in te r v a ls  along the l a t e r a l  sur face .  The basal surfaces  
(F ig .  73) have i r r e g u la r  contours.
The numbers and d i s t r i b u t i o n  o f  the goblet c e l ls  o f  the colon do 
not d i f f e r  from the midgut. In H. and E. preparations (F ig .  69) the  
mucinogen appears b a s o p h i l ic .  I t  a lso  s ta ins  with PAS, A lc ian  Blue, and 
Astra b lue .  With the e le c t ro n  microscope (F ig .  70) the c h a r a c t e r i s t i c  
e lec t ro n  dens ity  of  the nucleus and cytoplasm is ev ide n t .  An extensive  
Golgi complex is located above the nucleus and consists o f  recurved  
p a r a l l e l  c is te rn a e  and v e s i c le s .  RER and f r e e  ribosomes are found 
p r im a r i ly  in the basal and per iphera l  regions of the cytoplasm (F ig .
7 0 ) ,  but are a lso  found in sm al ler  amounts among the mucinogen granules  
(F ig .  7 3 ) .  A v ar ied  e le c t ro n  dens i ty  is found in the mucinogen granules  
(F ig .  7 0 ) ,  but the h ig h ly  organized f i b r i l l a r  appearance of the mucino­
gen found in the in t e s t in e  is not found in the colon (F ig .  73 ) .
The lymphocytes and granulocytes o f  the colon (F ig .  69) are  l i k e  
those o f  the midgut. The f i n e  s t ru c tu re  of  the lymphocytes has not been 
described prev ious ly  and is shown in Fig. 70. This small c e l l  has a 
dense and indented nucleus. Mitochondria and ribosomes are v i s i b l e  in  
the cytoplasm, but there  are no secre t ion  granules such as occur in the  
granulocytes.
The basal lamina (F ig .  7 0 ) ,  lamina propr ia  (F ig .  7*0 , muscular is 
externa (F ig .  7*0 , and serosa (F ig .  7*0 have the same s t ru c tu re  as those 
of the upper in t e s t in e .
Rectum and Anus
As prev ious ly  in d ica ted ,  the region which I re fe r  to as the rectum 
consists of  the markedly narrower terminal one-hal f  m i l l im e t e r  o f  the
t r a c t .  The gut wal l  o f  th is  region is th icker  r e l a t i v e  to the lumen 
s iz e  than in the colon, and long i tud ina l  mucosal fo lds  extend in to  the 
small lumen (F ig .  7 5 ) .
in the upper port ion  of the rectum the ep i th e l ium  consists of  
columnar c e l l s ,  goblet  c e l l s ,  and interspersed wandering c e l l s  (F ig .
7 6 ) .  The e p i t h e l i a l  c e l ls  are not as t a l l  as those of the colon, and the 
cytoplasm appears granular  and e o s in o p h i l ic  ra th e r  than vacuolated.  
Nuclei are  oval and v e s ic u la r .  Latera l  c e l l  boundaries are d i s t i n c t .
The goblet  c e l l s  e x h ib i t  the same morphology and s ta in in g  p rop er t ies  as 
those o f  the re s t  of  the in t e s t in e ,  and no n o t iceab le  v a r i a t i o n  in 
numbers occurs u n t i l  the ju n c t io n  w i th  the anus is approached (F ig .  7 9 ) .  
Here, the goblet  c e l l s  decrease in number and a re  r a r e l y  found near the 
anal ju n c t io n .  In conjunction w i th  t h i s ,  the e p i th e l ium  progress ive ly  
changes from columnar to cuboidal and becomes a s t r a t i f i e d  squamous 
e p i th e l iu m  j u s t  p r io r  to the ju n c t io n  w i th  the e x t e r i o r  (F ig .  8 0 ) .
The f i n e  s t ru c tu re  of the re c ta l  ep i the l ium  is shown in Figs. 77 
and 78 . The f r e e  surface of  these c e l ls  has stubby, i r r e g u la r  micro­
v i l l i  (F ig .  7 7 ) .  P inocyto t ic  ves ic les  appear f r e q u e n t ly  in the apica l  
cytoplasm, and many of  these appear to be f i l l e d  w i th  an e le c t ro n  dense 
substance (F ig .  7 8 ) .  The cytoplasm of  the e n t i r e  c e l l  contains i r re g u ­
l a r l y  arranged tonofilaments which do not,  however, form a terminal web 
a p i c a l l y .  Concentrations o f  these t o n o f i 1 aments are found in the region  
of the ju n c t io n a l  complex (F ig .  7 8 ) .  A few m itochondria ,  w i th  a small 
number of  i r r e g u la r  c r i s t a e ,  are present (F igs .  77, 7 8 ) .  The Golgi  
complex (F ig .  78) is located above the nucleus and consists  of  r e l a ­
t i v e l y  few c is te rn a e  and v e s ic le s .  Lysosomes (F ig s .  77, 78) w i th  the 
expected heterogeneous appearance are r e l a t i v e l y  numerous. Endoplasmic
re t icu lum  is sparse, but a few p r o f i le s  of both rough and smooth 
v a r i e t i e s ,  as wel l  as a few f r e e  ribosomes, are present .  The nuclei of  
these c e l l s  cometimes e x h ib i t  very i r re g u la r  contours (F ig .  7 7 ) .
The l a t e r a l  c e l l  surfaces i n t e r d i g i t a t e ,  and desmosomes occur at  
f requent in te r v a ls  (F ig .  7 7 ) .  The basal surfaces (F ig .  77) of the c e l ls  
have i r r e g u la r  contours, and the basal lamina appears as a wavy l i n e  
fo l lo w in g  the contours of the c e l l s .
The f i n e  s t ru c tu re  o f  the goblet c e l ls  (F ig .  7 7 ) ,  lymphocytes, and 
granulocytes is s im i la r  to th a t  seen in the colon.
The s t r a t i f i e d  squamous epithel ium at  the anal ju n c t io n  (F ig .  80) 
is four or f i v e  c e l l  layers th ic k .  The surface layer  of  c e l l s  is f l a t ­
tened, and most o f  these c e l l s  have elongate and densely chromatic  
nuclei and very b asoph i l ic  cytoplasm. The cuboidal c e l l s  o f  the lower 
layers have round, v e s ic u la r  n u c le i ,  and the cytoplasm s ta in s  much less 
in te n s e ly .  Numerous lymphocytes and an occasional granulocyte  are  
v i s i b l e  among the e p i t h e l i a l  c e l l s .
With the e le c t ro n  microscope a d i s t i n c t l y  d i f f e r e n t  f i n e  s t ru c tu re  
is ev ident  in the surface layer  of c e l ls  as opposed to  lower layers  
(F ig .  8 1 ) .  The cytoplasm of  the l a t t e r  c e l l s  has an o v e r a l l  e lec tro n  
luc id  appearance (F igs .  81, 8 2 ) .  I r r e g u la r ly  arranged tonofi laments are  
found throughout the c e l l s  (F ig .  8 2 ) .  A r e l a t i v e l y  small number of. 
mitochondria  (F ig .  8 1 ) ,  small amounts of RER (F ig .  8 1 ) ,  numerous f r e e  
ribosomes (F igs .  81, 8 2 ) ,  and a small Golgi complex are present (F ig .  
8 1 ) .  The nuclear envelope (F ig .  82) of these c e l l s  appears normal.  
Extensive i n t e r d i g i t a t i o n  w i th  adjacent c e l ls  is ev ident  (F ig .  8 1 ) ,  but 
desmosomes are r a r e .  The basal surface o f  the e p i th e l iu m  is i r r e g u la r  
and rests  on a th in  basal lamina (F ig .  8 2 ) .
Most o f  the c e l l s  which are found at  the f r e e  sur face  (F ig s .  81,
83) o f  the e p i th e l ium  have a much g re a te r  e le c t ro n  de ns i ty  than the 
c e l l s  o f  the lower la y e rs .  There is a much g re a te r  concentra t ion  of  
tonof i lam ents  in the cytoplasm of these dark c e l l s .  Nuclear membranes 
a re  not present in many of  these c e l ls  (F ig .  8 3 ) ,  and the nuclear  
m a te r ia l  is separated from the cytoplasm by a broad e le c t ro n  lucid  
re g ion .  T ight  ju n c t io n s  (zonulae occludentes) are present on the 
l a t e r a l  surfaces adjacent  to the lumen (F ig .  8 3 ) .
The submucosa in the upper po rt ion  of  the rectum (F igs .  75, 76) 
contains dense bundles o f  collagenous f i b r i l s .  Nuclei o f  f ib ro cy te s  and 
lymphocytes are v i s i b l e ,  and small blood vessels and c a p i l l a r i e s  are  
numerous. The coarse collagenous f ib e rs  o f  the upper rectum r a p id ly  
disappear ,  however, and the lamina propr ia  then consists o f  a very  
loose a r e o la r  connective t issue (F ig .  7 9 ) .  The muscularis e x t e r na  
(F ig s .  76 , 79) consists of  inner c i r c u l a r  and outer  lo ng i tu d in a l  layers  
covered by a th in  serosa u n t i l  the ju n c t io n  w i th  the body wal l  (F ig .  79 ) .  
At th is  po int  the serosa is replaced by an a d v e n t i t i a  composed of  dense 
i r r e g u la r  connective t is s u e .  The lo ng i tu d in a l  muscle layer  disappears,  
and the c i r c u l a r  layer  o f  smooth muscle is s l i g h t l y  th ickened.
DISCUSSION
Gross Anatomy
A s t r a i g h t ,  tubular  d ig e s t iv e  t r a c t  which var ies  l i t t l e  in 
diameter throughout i ts  length is the s implest  kind which occurs in 
te le o s ts  ( B e r t in ,  1957). The d ig e s t iv e  t r a c t  o f  £ .  ranga (F ig .  1) 
d i f f e r s  from th is  simplest version only in having a loop ra th e r  than 
being s t r a i g h t ;  gross morphological d i f f e r e n t i a t i o n  of the various  
d iv is io n s  is very s l i g h t .
The esophagus in f ishes  is t y p i c a l l y  a very short  tube w i th  a 
th ic k ,  muscular wall  (B arr ing ton ,  1957; B e r t in ,  1957) such as is found 
in JC. ranga (F ig .  1 ) .  The stomach, however, is much more v a r ia b le ,  and 
the s t r a i g h t ,  tubular  shape of  the  stomach of jC. ranga is not t y p ic a l .  
Amphipnous cuchia (Mohsin, 1962),  Gobi us melanostomus (Kovacs, 1965), 
and some other  members o f  the fa m i ly  Gobiidae (B arr ing ton ,  1957) have a 
stomach s ir t i i lar  to t h i s ,  but most f ishes have a much more d i s t i n c t l y  
recognizable  stomach w i th  w e l l -d e f in e d  card iac  and p y lo r ic  limbs 
(B e r t in ,  1957).
The absence of  a va lve  or sphincter  between the esophagus and 
stomach appears to be common. Barr ington (1957) s ta ted  tha t  a sphincter  
is o f te n  found at  the po s te r io r  end o f  the esophagus. However, he 
f a i l e d  to .sa y  whether th is  was in f ishes w i th  a stomach or in those 
without  one. Presumably he was r e f e r r in g  to  the l a t t e r ,  s ince the 
l i t e r a t u r e  contains very few references to e i t h e r  a sphincter  or a 
va lve  between the esophagus and stomach. Hale (1965) described such a 
sphincter  in the t e le o s t ,  Gasterosterus a c u le a tu s , and Matthews and
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Parker (1950) and Peterson (1908a) described valves at  th is  ju n c t io n  in 
the elasmobranchs, Cetorhinus and Squalust r e s p e c t iv e ly .  The presence 
of a p y lo r ic  va lve  or sphincter  at the ju n c t io n  w i th  the in t e s t in e ,  
however, is usual (Romer, 1962; B e r t in ,  1957). A p y lo r i c  va lve  
cons is t ing  of  lo n g i tu d in a l  mucosal folds w i th  a s l i g h t l y  increased 
thickness o f  the c i r c u l a r  muscle layer very s im i l a r  to tha t  o f  C. ranga 
(F ig .  53) occurs in Anabas testudineus (Mohsin, 1962).
The midgut, or upper in te s t in e ,  o f  £ .  ranga (F ig .  1) in which there  
is no d i f f e r e n t i a t i o n  in to  subdivisions is ty p ic a l  o f  the f ishes  
(B arr ing ton ,  1957). There is thus no j u s t i f i c a t i o n  fo r  the use o f  such 
terms as duodenum or i leum. The b i l e  duct (F ig .  5*0 which enters the 
midgut j u s t  p o s te r io r  to  the p y lo r ic  va lve  presumably conducts both the 
b i l e  and the pancreat ic  enzymes to the in te s t in e  s ince  no separate  
pancreat ic  ducts are v i s i b l e .  Separate b i l e  and pancreat ic  ducts have 
been found in some c y p r in id s ,  such as Fundulus h e te r o c l i tu s  (Babkin and 
Bowie, .1928)- and Labeo h o r ie  (G i rg is ,  1952).  However, Barr ington (1957) 
s ta te s  t h a t ,  s ince  most in vest igato rs  have not given the necessary 
in form at ion ,  i t  is impossible to say whether i t  is usual fo r  the f ishes  
to  have separate  pancreat ic  ducts.
The midgut always cons t i tu tes  the grea tes t  p o r t io n  of  the d ig e s t iv e  
t r a c t  in f ishes  (B arr ing ton ,  1957)> and the v a r ia t io n s  in the length of  
the in t e s t in e  r e l a t i v e  to  the feeding habits has been the subjec t  of  
much i n t e r e s t .  Jacobshagen (1913) found th a t  carnivorous te le o s ts  tend 
to  have shor te r  in t e s t in e s ,  ranging from o n e - th i r d  to th re e -q u a r te rs  of  
the body length ,  whereas herbivorous f is h  and mudfeeders have longer 
i n te s t in e s ,  ranging from two to f i f t e e n  times the body length .
Subsequent in v e s t ig a to rs  (Ghazzawi, 1935; Guntert ,  1938; C a r r ie ,  1937;
Suyehiro ,  19^1; Rahimu 11 ah, 19^3; A l -H ussa in i ,  19^7; Kapoor, 1953,
1957) have found s im i la r  r e la t io n s h ip s .  The length of  the midgut in 
JC. ranga is approximately  o n e - th i rd  the length o f  the body; thus, i t  is 
well  w i th in  the carn ivore  range.
The hindgut is usua l ly  not sharply  def ined in t e le o s t s ,  and some 
in v e s t ig a to rs  have made no d i s t i n c t io n  between the in te s t in e  and the 
hindgut ( P i c t e t ,  1909; Greene, 1912; Rogick, 1931; Ghazzawi, 1935;
Blake, 1936; Jacobshagen, 1937; Jacobsen, 1939; Curry , 1939; Weinreb and 
B i ls t a d ,  1955) .  In some f is h e s ,  such as Gambusia a f f i n i s  (Bul lock ,  
1967) ,  a s l i g h t  c o n s t r ic t io n  is v i s i b l e  e x te r n a l l y  as i t  is in JC. ranga 
( F ig .  6 6 ) ,  and in a few others the hindgut is indicated grossly  by an 
increased diameter (Burnstock, 1959; Mohsin, 1962). Most te le o s ts  do 
have a va lve  (Dawes, 1929; Blake, 1930; A l -H us sa in i ,  19^5, 19^6,
19^7a and b, 19^9a; Al-Hussaini  and Kholy, 1953; Hale, 1965) or 
s ph inc te r  (Mohsin, 1962) a t  th is  ju n c t io n .  This va lve  has been re fe r re d  
to as the i n t e s t in o - r e c t a l  va lve  (Dawes, 1929) and i l e o - r e c t a l  va lve  
(A l -H u s s a in i ,  19^5)• I am terming th is  the i n t e s t i n o - c o l i c  va lve  
(F ig .  66) in JC. ranga for  two reasons. One of these is tha t  I disagree  
w ith  the use o f  the term ileum, as does Barr ington (19 57 ) ,  because i t  
impl ies a d i f f e r e n t i a t i o n  which is not present. My second reason is 
t h a t ,  although there  is no d i s t i n c t  gross demarcation, 1 b e l ie v e  there  
is s u f f i c i e n t  d i f f e r e n t i a t i o n  h i s t o lo g ic a l l y  to subdiv ide the hindgut  
in to  an a n t e r io r  colon and a p o s te r io r  rectum ra th e r  than considering  
the e n t i r e  region as a rectum. Such a d i s t i n c t io n  has not been made by 
previous in v e s t ig a to rs .
The types of  mucosal fo lds found in the various parts o f  the t r a c t  
of  JC. ranga are genera l ly  comparable to  those which occur in other
t e l e o s t s .  The esophagus and rectum o f  te le o s ts  u sua l ly  have lo n g i tu d i ­
nal mucosal fo lds (Edinger, 1877; B e r t in ,  1957) . Although a more 
complex p a t te rn  o f  mucosal fo lds may be found in the te le o s t  stomach 
( B e r t in ,  1957)» a predominantly lo ng i tu d in a l  fo ld in g  such as occurs in 
the stomach of  C. ranga (F ig s .  3^,  38) has been found in the stomachs of  
many other te leos ts  ( P i l l i e t ,  1885; Greene, 1912; Burnstock, 1959; 
Khanna, 1982; C hitray  and Saxena, 1962; Mohsin, 1962; Liem, 1967). The 
more complex and anastomosing p a t te rn  o f  fo lds  in the midgut of  £ .  ranga 
(F ig s .  55, 66) is s im i la r  to  that  found by Eggling (1908) and 
Jacobshagen (1911, 1913) in numerous t e le o s t s .  A s im i l a r  p a t te rn  o f  
mucosal fo ld ing  occurs in the colon (F ig s .  66 ,  6 8 ) .  Although the hind­
gut c h a r a c t e r i s t i c a l l y  has long i tu d in a l  mucosal folds (B e r t in ,  1957), a 
more complex pa t te rn  has been found in other  te le o s ts  (Hale , 1965; 
B ullock ,  1967). As fa r  as the mucosal fo ld in g  in the colon of  JC. ranga 
is concerned, I th in k  th a t  th is  is consis tent  w i th  the h is to lo g ic a l  
evidence of  d i f f e r e n t i a t i o n  and s p e c i a l i z a t i o n .  The colon apparent ly  
serves an absorpt ive  fu n c t io n ,  and the more complex mucosal folds of  
th is  region aid by increasing the surface area fo r  absorption.
L ight  Microscopy
General H is to lo g ica l  Plan of  the Alimentary Tract  
The tunics which are c o n s is te n t ly  present in the d ig e s t iv e  t r a c ts  
o f  f ishes  are those which are found in £ .  ranga (F ig s .  2, k ,  3^, 38, 55,  
68,  7 5 ) .  A muscularis mucosae is usual ly  absent although such a layer  
has been described by V/einreb and B i ls tad  (1955) in the stomach of  
Salmo ga irdner i  i r id e u s ; by Burnstock (1959) in Salmo t r u t t a ; by 
Jansson and Olson ( i 960) in the . in te s t in e  and caeca of  Perea; by Schmitz
and Baker (1969) in the esophagus of  Dorosoma cepedianum and Dorosoma 
petenense.
The s i t u a t io n  in which there is no obvious d i f f e r e n t i a t i o n  between 
the lamina propr ia  and submucosa is a very common one in f is h e s ,  and 
there  is considerable  v a r i a t i o n  in the designations used by various  
in v e s t ig a to rs .  Burnstock (1959) and Liem (19 6 / )  considered the  
submucosa to  be absent and re fe r re d  to th is  layer  as a lamina propria  
as I have done. Some have re fe r re d  to th is  region as the s u b -e p i th e l ia l  
connective t is s ue  (Blake, 1936; Dawes, 1929; Hale, 1965), whereas others  
have said th a t  only a submucosa was present (Rogick, 1931; Curry , 1939; 
A l-H u s s a in i ,  19^9a; Nagar and Khan, 1958; Bul lock,  1967). Al-Hussaini  
(19^7a) re fe r re d  to both a tunica p ro p r ia  and a submucosa in Atherina  
f o r s k a l i  but a c tu a l ly  found no d i s t i n c t i o n  between the two. I contend 
th a t  when a muscular is mucosae is absent and there  is no d i f fe r e n c e  in 
the o rg a n iza t io n  and/or composition o f  the inner and outer  port ions of  
the  connective t is s u e ,  there  is no j u s t i f i c a t i o n  fo r  using the term 
submucosa.
Esophagus
The esophageal ep i the l ium  of  te le o s ts  is u s u a l ly  described aS being 
s t r a t i f i e d  cuboidal or co lum nar . (B arr ington ,  1957; B e r t in ,  1957).  
However, th is  f req ue nt ly  is not the case. Although p s e u d o s t r a t i f ic a t io n  
has not been mentioned by previous in v e s t ig a to rs ,  several v a r ia t io n s  in 
the e p i th e l iu m  have been reported .  The esophageal e p i the l ium  in the 
grey m u l le t ,  Mugil ta d e , is simple columnar throughout i t s  length  
( P i l l a y ,  1953), and the same cond it ion  is found in R i ta  r i t a  and 
C ir rh in a  m riga la  (Ahsan-u l- ls lam , 19^9). Schmitz and Baker (1969) found 
simple squamous ep ithe l ium  l in in g  some port ions of the esophagus of the
gizzard  shad and th re a d f in  shad, and G irg is  (1952) found areas of  
s t r a t i f i e d  squamous ep i th e l ium  in the esophagus of  Labeo h o r i e .
The gradual t r a n s i t io n  from a s t r a t i f i e d  e p i th e l ium  in the upper 
esophagus to a simple columnar ep i the l ium  in the p o s te r io r  region o f  the 
esophagus has been reported previously  in a number of  te le o s ts  (Blake,  
1936; A l -H u s s a in i ,  19*+5, 19^6, 19^7a, 19^9; A l-Hussaini  and Kholy, 1953; 
Weinreb and B i ls t a d ,  1955). and Al-Hussaini (19^5) considered th is  to be 
the ty p ic a l  s i t u a t io n  in t e le o s ts .
The most conspicuous fe a tu re  o f  the esophageal e p i th e l ium  o f  C. 
ranga (F igs .  2, *f) is the presence of a large number o f  u n i c e l l u l a r  
mucous glands. This is ty p ic a l  of th is  region o f  the d i g e s t iv e  t r a c t  in 
f ishes  (B arr ing ton ,  1957; B e r t in ,  1957; Patt  and P a t t ,  1969), although  
exceptions to th is  general ru le  have been described by A l-Hussaini  
(19^6) in Mullo ides aurif lamma and by Schmitz and Baker (1969) in 
Dorosoma cepedianum and Dorosoma petenense. The even d i s t r i b u t i o n  of  
these mucous c e l l s  (F igs .  2 , k)  is s im i la r  to th a t  in Labeo hor ie  
(G i r g is ,  1952). However, considerable v a r ia t io n  in d i s t r i b u t i o n  has 
been found in other  t e le o s ts .  In the sea rob in ,  Prionates c a ro l in iu s  
(B lake,  1936) and the carp ,  Cyprinus carp io communis (Curry ,  1930) 
mucous c e l l s  are very numerous in the a n te r io r  esophagus and decrease in 
number p o s t e r i o r l y .  The a n t i th e s is  o f  th is  d i s t r i b u t i o n  has been 
described by Bullock (1967) in the mosquito f i s h ,  Gambusia a f f i n i s . 
V a r ia t io n s  in the d i s t r i b u t i o n  of  the mucous c e l l s  w i th in  a p a r t i c u la r  
region have a lso been noted. The regular  d i s t r i b u t i o n  on the mucosal 
fo lds  found in C. ranga (F igs .  2, k)  and Labeo hor ie  ( G i r g is ,  1952) is 
a lso  found in Nandus nandus (Mohsin, 1962) and in Cyprinus carp io  
commun?s (Curry, 1939), but other invest igators  have found a d i f fe r e n c e
in the numbers of mucous c e l ls  on the surface as compared to the numbers
on the sides and bases o f  the mucosal fo ld s .  The usual s i t u a t io n  is one
in which the g rea tes t  density  o f  mucous c e l l s  is on the sides and bases
o f  the mucosal fo lds (Rogick, 1931; A l -H u s s a in i ,  19^7a; Hale, 1965;
Bul lock,  1967).
The presence of  tastebuds (F ig .  3) in the esophagus o f  f ishes has 
been reported by a number of  inves t iga to rs  (Macallum, 1886; Rogick,
1931; Ahsan-u l - ls lam , 19^9; A l -H us sa in i ,  19^9a; Nagar and Khan, 1958; 
Hale, 1965; Bul lock,  1967). In Gambusia a f f i n i s  (B u l lock ,  1967) and 
Poeci1 ia r e t i c u l a t a  (Hale ,  1965), these are l im i te d  to the a n te r io r  
po rt ion  o f  the esophagus as they are in £ .  ranga. The two types of  
c e l l s  which are found in the tastebuds o f  £ .  ranga are  s im i la r  to those 
seen in l i g h t  microscope studies in mammals (Sognnaes and Moss, 1966) 
and in f ishes (Mohsin, 1962). In e le c t ro n  microscope s tu d ies ,  however, 
Welsch and Storch (1969) found four types of  c e l l s  in the tastebuds of  
the c a t f i s h ,  and Murray, Murray, and Fugimoto (1969) found three  types 
o f  c e l l s  in the tastebuds of  the r a b b i t .
The u n i c e l l u l a r  mucous glands of  the esophagus o f  £ .  ranga (F ig .  3) 
are  s im i l a r  to  the "saccular"  mucous c e l ls  in the a n te r io r  port ion  of  
the esophagus of Cyprinus carp io  (A l -H us sa in i ,  19^9a), R u t i lus  r u t i l u s  
( i b i d . ) , and Gobio gobio ( i b i d . ) ,  and in the esophagus of Poeci1ia 
r e t i c u l a t a  (Hale , 1965), Gasterosterus aculeatus ( i b i d .)  , and Labeo 
h o r ie  ( G i r g is ,  1952). The d i s t i n c t io n  being made here is tha t  these 
c e l l s  are more ovoid,  and they do not have the narrow basal p o r t io n ,  or 
f o o t ,  which is c h a r a c t e r is t i c  of  the goblet c e l l .  As fa r  as funct ion  is 
concerned, no d i s t i n c t i o n  is apparent between these "saccular"  mucous 
c e l l s  and the goblet  c e l l s .  The mucinogen produced by the saccular
mucous c e l l s  o f  the esophagus of  C. ranga is h is tochem ica l ly  comparable 
to  tha t  o f  the goblet  c e l ls  of the esophagus o f  Gambusia a f f i n i s  
(B u l lock ,  1967) and to that of  the goblet  c e l l s  in i t s  own in t e s t in e .
The expansion of  the apical p o r t ion  of  the columnar or cuboidal 
c e l l s  a t  the luminal surface o f  the e p i th e l ium  (F ig .  3) which gives the 
appearance of  forming caps over the mucous c e l l s  is s im i la r  to  tha t  
found in Gambusia a f f j . n i s ,.(.8.U-T].ock, 1967). The absence of c i l i a  and 
m i c r o v i l l i  a t  the surface of the e p i th e l ium  ( F ig .  3) is not unusual.
Pa t t  and Patt  (1969) and Barr ington (1957) s ta ted  tha t  i t  is usual to  
f in d  c i l i a t e d  c e l ls  in the esophagus, but Mohsin (1962) indicated that  
th is  is not the case in te le o s ts .  The occurrence o f  a s t r i a t e  border in 
the esophagus is very ra re ,  and the only  f i s h  in which th is  has been 
reported is the rainbow t r o u t ,  Salmo gairdner? ir ideus  (Weinreb and 
B i ls t a d ,  1955).
The lamina propr ia  of the esophagus (F ig s .  2 , 3 , 5) is s im i la r
to th a t  o f  the brown t r o u t ,  Salmo t r u t t a  (Burnstock, 1959) and 
Gasterosteus aculeatus (Hale, 1965). This is a loose a reo la r  connective  
t is s u e  which allows fo r  expansion of  the  esophagus. The presence of  
is o la te d  s t r i a t e d  or  smooth muscle f ib e r s  which extend up in to  the 
mucosal fo lds  (F ig s .  2, k ,  5) has a lso  been found in other  te leos ts  
(Curry,  1939; Hale, 1965; A l -H us sa in i ,  19^9a; Blake, 1930; A l -H u s sa in i ,  
19^73; Schmitz and Baker, 1969).
The muscular is externa of  the esophagus o f  f ishes  is normally  
s t r i a t e d  (Barr ing ton ,  1957) and consists o f  inner long i tu d in a l  and 
outer  c i r c u l a r  layers (Mohsin, 1962). The lo n g i tu d in a l  muscle layer  
is usua l ly  not a compact layer but consists instead of  scatte red  
fa s c ic le s  (Rogick, 1931; Mohsin, 1962; Hale, 1965; Liem, 1967) and may
be absent a l tog e th er  (Greene, 1912; A l -H u s s a in i ,  1946; Weinreb and 
B i ls t a d ,  1955)* The condit ion in which these f ib e r s  are  confined to  the 
dorsal and ventra l  regions of  the esophagus (F ig s .  2 , 4) does not e x is t  
in any of  the f is h  which have been described p re v io u s ly .  A mixture of  
smooth and s t r i a t e d  f ib e rs  such as occurs in the lo ng i tu d in a l  muscle 
bundles o f  jC. ranga (F igs .  19, 22) has been found in Ophiocephaius 
gachua (A hsan-u l - Is  lam, 1949). However, the gradual replacement o f  the 
s t r i a t e d  muscle f ib e r s  by smooth f ib ers  (F ig s .  19, 22) has not been 
mentioned by previous in ve s t ig a to rs .  The v a r ia t io n s  in diameter of the 
s t r i a t e d  muscle f ib e r s  in both the long i tu d in a l  (F ig .  20) and c i r c u la r  
layers (F ig .  19) have also been noted in Gambusia a f f i n i s  (Bullock,
1967). The occurrence of s t r i a t e d  muscle together w i th  the presence of 
t a s te  buds in the esophagus may be taken as an in d ic a t io n  of the impor­
tance o f  th is  organ in the s e lec t ion  and r e je c t io n  of food (Barr ington,  
1957).
An. a d v e n t i t i a  is present on the a n t e r io r  p o r t ion  o f  the esophagus 
of  some f is h e s ,  such as Gambusia a f f i n i s  (B u l lock ,  1967) and Cyprinus 
carp io  communis (Curry,  1939), but in most a serosa is present over the 
e n t i r e  esophagus as i t  is in JC.. ranga. This very th in  layer of  
connective t is s ue  covered by a s ing le  layer  o f  mesothe l ia l  c e l l s  
(F igs .  21, 23) is comparable to that  o f  o ther  t e le o s t s .
Stomach
The t r a n s i t io n  from the esophagus to the stomach (F igs .  31, 32) in 
C. ranga is an abrupt one, and there is no in term edia te  esogaster, or 
t r a n s i t i o n  zone such as has been described in some f ishes  (Al-Hussaini  
and Kholy, 1953). In the absence of any gross morphological d i f fe r e n c e  
between the stomach and adjo in ing d iv is io n s ,  the c r i t e r i a  used for
id e n t i f y in g  th is  region are the c h a r a c t e r is t ic s  o f  the surface e p i th e ­
lium (F igs .  35> 39) and the presence o f  m u l t i c e l l u l a r  g a s t r ic  glands 
(F igs .  39» ^ 0 ) .  The surface ep i th e l ium  of  the stomach is composed of  
mucous s e cre t ing  c e l l s  which are s im i l a r  to  those o f  mammals (Babkin,  
1950; Glass, 1953, 1963), and no u n i c e l l u l a r  mucous secre t ing  glands, or 
goblet  c e l l s  are present.  A s im i la r  l i n in g  is found in the stomach of  
other  f ishes  (Edinger, 1877; K o ls te r ,  1907; Petersen, 1908b; Arcangel i ,  
1908; P ie t r u s k i ,  191^; Dawes, 1929; Blake, 1930, 1936; Ahsan-u l- ls lam,  
19^9; A l-Hussaini and Kholy, 1953; Nagar and Khan, 1958; Hale, 1965; 
Liem, 1967). Goblet c e l ls  have been reported in the g a s t r ic  epithel ium  
of some f ishes  (Rogosina, 1928, 1930; Mohsin, 1962), but th is  appears to  
be a ra re  phenomenon. The s ta in in g  react ions o f  the sur face  e p i t h e l i a l  
c e l l s  o f  £ .  ranga ind ica te  that  they produce a neutra l  mucopolysaccha­
r id e  secre t ion  as do the surface mucous c e l l s  of  the mammalian stomach 
(Glass, 1963). This is in contrast  to the mixture o f  neutra l  and acid  
mucopolysaccharides o f  the u n ic e l lu l a r  mucous glands.  Mucinogen does 
not accumulate in large amounts as i t  does in the u n i c e l l u l a r  mucous 
glands, and the mode of  secre t ion  is merocrine ra th er  than apocrine. A 
s t r i a t e  border is absent as i t  is in s i m i l a r  c e l l s  in other  f ishes (Patt  
and P a t t ,  1969) and in mammals (Deane and Padykula, I 966) .
The g a s t r ic  glands of £ .  ranga are confined to the p y lo r ic  region 
of  the stomach (F igs .  3 8 , 3 9 ) .  This is somewhat unusual s ince in most 
f ishes  the g a s t r ic  glands are found in the card iac  and/or fundic regions 
(V a la to u r ,  18 6 1; P i l l i e t ,  1885; Herweden, 1908; Greene, 1912; Blake,  
1930, 1936; Ghazzawi, 1935; A l -H u s s a in i ,  19^6; A l-Hussain i  and Kholy,  
1953; Pi 1 lay ,  1953; Weinreb and B i ls t a d ,  1955; Nagar and Khan, 1958; 
Mohsin, 1962; Hale, 1965). However, Macallum (1886) found the g a s t r ic
glands of  Acipenser s p . ,  Ami a s p . ,  and Lep i dosteus sp. are confined to 
the p y lo r ic  region.
The saccular ,  or a l v e o la r ,  glands of  JC. ranga (F ig .  39) are the  
simplest type tha t  occurs in f i s h e s .  G a s tr ic  crypts are absent, and 
the glands open d i r e c t l y  on the surface e p i th e l iu m .  Glossogobius g iu r is  
(Mohsin, 1962), Lagocephalus lu nar is  ( i b i d . ) , and Scarus sordidus 
(A l -H us sa in i ,  19^5) have s im i l a r  g a s t r ic  glands. Many of  the f is h e s ,  
however, have much more complex branched tubular  glands which extend to 
a much grea ter  depth in the mucosa (Gul land,  189 8 ; Blake, 1936; 
Ahsan-u l - ls lam ,  19^9; A l-Hussain i  and Kholy, 1953; Weinreb and B i ls ta d ,  
1955; Chandy and George, I960;  Schmitz and Baker, 1969).
A s in g le  type of  c e l l  is found in the g a s t r ic  glands of  £ .  ranga 
(F ig .  ^ 0 ) ,  and th is  is in accord w i th  the conclusion o f  Edinger (1877)  
and subsequent in vest igato rs  tha t  there  is only one c e l l  type in the 
g a s t r ic  glands of  f is h e s .  The absence of  a neck region which is l ined  
w ith  a specia l type of mucous c e l l  is a lso  usual .  No such c e l l  is 
found in f i s h ,  w ith  c e r ta in  exceptions among the more h ighly  d i f f e r e n ­
t ia t e d  te le o s ts  ( P ie t r u s k i ,  191^; Dawes, 1929; Bensley, 1932; Plenck,  
1932; Weinreb and B i ls ta d ,  1955; A l -H u s s a in i ,  19^6). The most 
c h a r a c t e r is t i c  fea tu re  o f  the gland c e l l s  in jC. ranga and in other  
f ishes (Pa t t  and P a t t ,  1969) is the presence o f  numerous e o s in o p h i l ic  
granules in the cytoplasm. Previous in ve s t ig a to rs  have considered the 
g a s t r ic  gland c e l l s  as having the dual funct ion  o f  producing both 
pepsin and HC1 and have concluded tha t  the granules in the cytoplasm 
represent zymogen (B arr ing ton ,  1957; B e r t in ,  1957), but the evidence for  
th is  is not conclusive. Only one attempt has been made to id e n t i f y  the 
granules. Al-Hussaini and Kholy (1953) did f ind  tha t  the granules of
the g a s t r ic  gland c e l l s  of  Clar ias 1a z e ra , T i l a p  la n i l o t i c a , and Sargus
v u lg ar is  could be sta ined with methods s p e c i f i c  fo r  zymogen granules.
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Al-Hussaini and Kholy (1953) also sta ted th a t  p a r ie t a l  c e l l s  are  not 
present in f ishes and suggested tha t  the sur face  ep i th e l ium  produces 
both mucous and HCl. In the present study, however, I have been unable 
to demonstrate the presence of zymogen in e i t h e r  the g a s t r ic  gland c e l l s  
or any other c e l l s  of the stomach. The e o s in o p h i l ic  granules o f  the 
g a s t r ic  gland c e l l s  in th is  p a r t ic u la r  species apparent ly  do not repre ­
sent the precursor o f  pepsin. On the other  hand, the appearance of  
these c e l l s  does not preclude t h e i r  being hydrochlor ic  acid producing 
c e l l s .  I t  is well  known that  the e o s in o p h i l ia  which is c h a r a c t e r is t i c  
o f  the p a r ie t a l  c e l l s  o f  the mammalian stomach is a funct ion o f  the 
numerous mitochondria  which are present throughout the cytoplasm (Deane 
and Padykula, 1966). Thus, on the basis o f  the l i g h t  microscope 
appearance o f  the g a s t r ic  gland c e l l s ,  the  p o s s i b i l i t y  of these being 
zymogenic c e l l s  is not a strong one.
The granulocytes which are f i r s t  seen in the g a s t r ic  mucosa (F ig .  
1*0) and remain numerous in subsequent d iv is io n s  o f  the a l im entary  t r a c t  
cannot be s p e c i f i c a l l y  id e n t i f i e d .  The l i g h t l y  e o s in o p h i l ic  granules in 
the cytoplasm of these c e l ls  suggest th a t  they are  eos ino ph i ls ,  but the 
nuclear morphology is inconsistent w i th  t h i s .  S im i la r  c e l l s  have been 
found in numerous other f ishes (Gulland, 1898; Greene, 1912; Blake,
1930; A l -H u s s a in i ,  19^6; Weinreb and B i ls t a d ,  1955; Burnstock, 1959; 
Mohsin, 1962; Bul lock,  1967; Chaicharn and Bul lock,  1967). The granulo­
cytes are  a lso present in the lamina p ro p r ia  or submucosa of  f ishes  
where they sometimes occur in large numbers and form a d i s t i n c t  la y e r ,  
the stratum granulosum (Gulland, 18 9 8 ; Greene, 1912; Burnstock, 1959;
Bullock,  1967). Burnstock (1959) suggested th a t  the most l i k e l y  
explanat ion  is th a t  these c e l ls  are a c t iv e  f ib r o b la s ts  and tha t  the 
granules appear in the cytoplasm in conjunct ion w i th  collagen synthesis .  
This hard ly  seems l i k e l y  in view of  the f a c t  tha t  many of these c e l ls  
are  found in the ep i the l ium . Greene (1912) suggested tha t  t h e i r  func­
t io n  was one of  in terna l  s e cre t io n .  However, they do not appear to be 
a r g e n t a f f i n  c e l l s  s ince in most f ishes and a l l  of the t e le o s ts ,  includ­
ing £ .  ranga, attempts to demonstrate th is  c e l l  type have f a i l e d .
Bul lock (1967) described s im i la r  c e l l s  which he c a l le d  g lobule  leuco­
cy tes .  He suggested that  they might represent degenerating granulocytes 
since  c e l l s  in termediate  between these and the ty p ic a l  granular leuco­
cy te  w i th  a lobulated nucleus were sometimes found in the lamina propria  
immediately under the e p i the l ium .
The lamina propr ia  o f t h e  stomach (F ig s .  35» 39) is s im i la r  to that  
in Gasterosterus aculeatus (Hale , 1965). Granulocytes are present, but 
they do not .form a stratum granulosum such as occurs in some f ishes  
(Gulland, 1898 ; Greene, 1912; Burnstock, 1959; Bul lock,  1967).
The muscular is externa of  the stomach of f ishes  is usual ly  composed 
of  an inner c i r c u l a r  and outer lo n g i tu d in a l  layer (P a t t  and P a t t ,  1969).  
Thus, the three  layers found in the stomach of  £ .  ranga (F igs.  46 ,  47) 
are unusual.  The inner long i tud ina l  muscle o f  the esophagus in other  
f ishes  does not continue in to  the stomach. The presence of s t r i a t e d  
muscle in the c i r c u l a r  layer of  the card iac  region (F ig .  46) is not 
unusual and has been described in a number o f  f i s h  (B lake, 1930, 1936; 
Al-Hussaini  and Kholy, 1953; Weinreb and B i ls t a d ,  1955; Chandy and 
George, I960; Schmitz and Baker, 1969) .
The myenteric plexus o f  Auerback which occurs between the muscle 
coats in f ishes has been observed by several in ves t ig a to rs  (Burnstock,  
1959; Mohsin, 1962; Chaicharn and Bul lock,  1967). However, in many 
instances i t  is very inconspicuous. This is t rue  of the myenteric  
plexus of  C. ranga, and i t  is not observed in rou t ine  l i g h t  microscope 
methods such as were used in th is  study.
Upper In te s t in e  or Midgut
The e p i the l ium  o f  the in t e s t in e  is composed of  two types of  c e l ls  
(F ig .  5 6 ) ,  goblet  c e l l s  and columnar absorbing c e l l s ,  which appear to 
be very s im i la r  to the corresponding c e l l s  o f  the mammalian in te s t in a l  
mucosa; however, there  are  no Paneth c e l l s ,  a r g e n t a f f in  c e l l s ,  or 
m u l t i c e l l u l a r  glands such as occur in the mammalian in t e s t in e .  As fa r  
as the other f ishes are  concerned, c e l l s  which Baecker (193*0 considered 
to be homologous to the Paneth c e l l s  o f  mammals have been found in both 
the g a s t r ic  and i n t e s t in a l  e p i th e l iu m  o f  some f ishes (H e l ly ,  1905; 
Baecker., 193*+; Schacht, 1931; V ic k e rs ,  1962). A rg e n ta f f in  c e l l s  have 
not been found in the a l im entary  t r a c t  o f  t e le o s ts ,  but these have been 
reported to be present in Torpedo s p . ,  Raja s p . ,  and Acipenser sp. 
(Barr ing ton ,  1957). M u l t i c e l l u l a r  glands are t y p i c a l l y  lacking from the  
midgut mucosa of  the f is h e s .  The c h ie f  exception to th is  is in the 
Gadidae (Jacobshagen, 1937). An unusual c e l l  which is not present in 
the mammalian in te s t in e  has been reported in a number o f  f ishes  
(A l -H us sa in i ,  19*+9b; V ic k e rs ,  1962; Chaicharn and Bul lock,  1967;
Bul lock,  1967)» but i t  is not present in £ .  ranga. Al-Hussaini re fe r red  
to these as "pear-shaped c e l l s "  and considered them to be a stage in the 
l i f e  cycle  o f  goblet  c e l l s .  Bullock (1967) c a l le d  them ro d le t  c e l l s ,  
and ne i th er  Bullock (1967) nor Vickers (1962) considered them to be
goblet  c e l l s .  Chaicharn and Bul lock  (1967) suggested tha t  they might 
have t h e i r  o r ig in  from the granulocytes which occur a t  the bases of the 
e p i t h e l i a l  c e l l s  and found stages in termedia te  between the two types.
The granulocytes described by Chaicharn and Bullock (1967) appear to be 
s im i l a r  to those which occur in the stomach (F ig .  33) and in te s t in e  
(F ig .  63) of  C. ranga; however, as prev ious ly  s ta te d ,  ro d le t  c e l l s  are  
not ev ident  in the i n t e s t in e  o f  JC. ranga.
The appearance o f  the columnar absorbing c e l l s  and goblet c e l ls  
(F ig .  56) is comparable to the appearance o f  these in other  f is h e s .  A 
prominent s t r i a t e  border is c h a r a c t e r i s t i c  o f  the absorbing c e l l s  of the 
f i s h  midgut (Barr ington,  1957) .  The presence of non-acid mucopolysac­
char ide indicated by a PAS-posit ive  and A lc ian  blue negat ive s ta in in g  
re ac t io n  of the s t r i a t e  border has a lso  been found by Bul lock (1963) in 
some salmonid f ishes and by Chaicharn and Bullock (1967) in catostomids. 
However, Bul lock (1967) found th a t  the s t r i a t e  border of  the in te s t in a l  
absorpt ive  c e l l s  of Gambus ia a f f i n i s  contains both neutral and acid 
mucopolysaccharides. The PAS-posit ive  granules which are  present  in the 
ap ica l  cytoplasm of  the absorpt ive  c e l l s  in £ .  ranga are a lso found in 
mammalian absorpt ive  c e l l s  (Deane and Padykula, 1966), and Bullock  
(1967) found these in the absorp t ive  c e l l s  o f  Gambusia a f f i n i s . In the 
l a t t e r  study these PAS-posit ive granules were found in wel l  fed fishes  
but were not present in starved f is h e s .  This may in d ic a te  tha t  the PAS- 
p o s i t i v e  m ater ia l  is being absorbed by the c e l l s .
Al-Hussaini  (19^9b) described four zones in the in t e s t in a l  absorp­
t i v e  c e l l s  o f  f is h e s .  These are  the f r e e  border ( s t r i a t e  b o rd er ) ,  
sub-border,  supranuclear, and in f ra n u c le a r  regions. The sub-border zone 
corresponds to the terminal web of  e le c t ro n  microscopy and is a
nongranular area of the cytoplasm adjacent  to the s t r i a t e  border. This 
zone is not sharply  defined in the absorpt ive  c e l l s  o f  £ .  ranga (F ig .  
56) .  The supranuclear zone is a granular  region o f  the cytoplasm above 
the nucleus in which A l-Hussaini  (1949b) demonstrated the presence of  
numerous mitochondria . The e o s in o p h i l ic  g r a n u la r i t y  of  th is  region in 
the absorpt ive  c e l l s  of  £ .  ranga is caused at  leas t  in par t  by the  
mitochondria . The in f ra n u c le a r  region is less granular  and contains the 
in f ra nu c le ar  group of m itochondria .
The goblet  c e l ls  (F ig .  56) o f  the midgut o f  C.  ranga are s im i la r  to  
those which are found in the i n t e s t in e  o f  other v e r te b r a te  groups (Patt  
and P a t t ,  1969) and in the in t e s t in e  of  other f ishes  (Barr ington,  1957).  
They produce neutra l and acid  mucopolysaccharides which form a protec­
t i v e  coat over the surface o f  the e p i th e l iu m .  Al-Hussaini  (1949b) 
proposed tha t  the goblet  c e l l s  o f  the f i s h  in te s t in e  produce both mucin-  
ogen and zymogen, but there  has been no conf irmat ion of th is  by other  
in v e s t ig a to rs .  Barr ington (1957) s ta ted  tha t  the zymogen contain ing  
c e l l s  found by Al-Hussaini (1949b) possib ly  may be homologous to Paneth 
c e l l s .
The lamina propria  of the midgut (F igs .  6 3 , 6 4 ) ,  l i k e  tha t  o f  the
stomach, lacks the stratum granulosum which occurs in some f is h e s .  The
granulocytes which occur in th is  region are s im i la r  to  those of the 
g a s t r ic  mucosa. The lo ca t io n  of the c a p i l l a r i e s  immediately subjacent  
to the ep ithel ium  is a r e f l e c t i o n  o f  the absorpt ive  funct ion of  the  
in t e s t in e .
The muscularis externa of the midgut (F ig .  65) and o f  the remain­
der o f  the in te s t in a l  t r a c t  is composed e n t i r e l y  o f  smooth muscle which
is arranged in inner c i r c u l a r  and outer  long i tu d in a l  lay e rs .  This is
the usual s i t u a t io n  in the f ishes (P a t t  and P a t t ,  1961; Barr ington ,  
1957).
Hindgut
None of  the studies o f  the hindgut of  f ishes has revealed a 
h is to lo g ic a l  p i c t u r e  which is e n t i r e l y  comparable to that  which is found 
in £ .  ranga, and no in v e s t ig a to r  has found reason to consider the  
hindgut as cons is t ing  o f  two d i s t i n c t  regions; the term hindgut has been 
used synonymously w i th  rectum (B arr ing ton ,  1957). The hindgut in some 
f ishes has no h is t o lo g ic a l  or cy to lo g ic a l  c h a r a c te r is t ic s  to d is t in g u is h  
i t  from the midgut, and many in vest igato rs  have made no mention of  such 
a d iv is io n  ( P i c t e t ,  1909; Greene, 1912; Rogick, 1931; Ghazzawi, 1935; 
Blake,  1936; Jacobshagen, 1937; Jacobsen, 1939; Curry, 1939; Weisel ,  
1962). Barr ington (1957) stated tha t  the primary h is to lo g ic a l  c r i t e r i a  
used to d is t in g u is h  the midgut and rectum are  an increased number of  
goblet  c e l l s  and an increased thickness o f  the muscularis externa in the  
rectum.. However, the colon of C. ranga (F ig .  69) contains approximately  
the same number o f  goblet  c e l l s  as does the midgut (F ig .  5 6 ) ,  and in the 
rectum (F igs .  75, 79) the  number of goblet  c e l ls  decreases p o s t e r i o r l y .  
Some in v e s t ig a to rs  have found no increase in the number o f  goblet  c e l l s  
in the rectum (Rogick, 1931; Curry, 19^0; Sarbahi,  19^0; McVay and Kaan, 
19^0), and Liem (1967) suggested that  th is  may have been caused by the  
feeding c o n d i t io n s .  Liem (1967) found a marked decrease in the number 
of  goblet  c e l l s  in the rectum of Monopterus albus fo l low ing  prolonged 
periods o f  s t a r v a t io n .  I do not th in k  th is  accounts fo r  the decreased 
number in the rectum of  £ .  ranga, but I cannot be c e r ta in  s ince I do not 
know the cond it ions  under which the f i s h  were kept p r io r  to my ob ta in ing  
them. I do know th a t  many of  the f is h  examined were kept in the
laboratory  fo r  a period of  one to two months p r io r  to being s a c r i f i c e d ,  
and they were fed twice  d a i l y  during that  per iod .  The th ickening of the 
muscularis externa mentioned by Barr ington (1957) is not found in the  
colon o f  C. ranga (F igs .  66 ,  6 8 ) ,  but does occur in the rectum (F igs .
75, 7 9 ) .
The d is t in g u is h in g  fe a tu re  of  the colon of £ .  ranga is the vacuo-
/
la ted appearance of  the cytoplasm of the columnar absorbing c e l ls  
(F igs .  68 ,  6 9 ) .  This vacuolated appearance has been noted in the midgut 
e p ithe l ium  by previous inves t iga to rs  (Dawes, 1929; Rogick, 1931; 
A l-H u s sa in i ,  19^9b; B u l lock ,  1967; Chaicharn and Bullock, 1967). How­
ever ,  McVay and Kaan (19^0 ) ,  Bullock (1963) ,  and Yamamoto (1986) i n d i ­
cated th a t  the v a c u o l i z a t io n  was most pronounced in the poster ior  
i n t e s t in e .  Rogick (1931) considered such vacuoles as the e a r ly  stage in 
mucous form at ion ,  and Al-Hussaini  (19^9b) thought that  the vacuoles 
seemed to represent  the loc i  occupied by f a t  g lobules.  Bullock (1963)  
demonstrated t h a t  the v a cu o l iza t io n  appeared in d i r e c t  r e la t io n  to the  
presence o f  food in the lumen. In Gambusia a f f i n i s  (Bullock, 1963) the 
most pronounced v a c u o l i z a t io n  occurs in the a n te r io r  port ion of  the 
rectum which is the region tha t  I have re fe r red  to as colon. There are  
some data on the d i s t r i b u t i o n  of enzymes in the in te s t in e  of  cypr in ids  
which in d ic a te  th a t  p r o t e o l y t i c  enzymes are more concentrated in the 
p o s te r io r  in t e s t in e  than in the a n te r io r  region (A l -H ussa in i ,  19^9b; 
S a rb a h i , 1951). Yamamoto (1966) suggested that  the vacuoles of  the 
absorbing c e l l s  o f  the p o s te r io r  in te s t in e  might be the resu lt  of  
p in o c y to t ic  uptake o f  p ro te in s .  Regardless o f  what the p a r t ic u la r  
absorpt ive  func t ion  o f  the hindgut e p i the l ium  is ,  i t  is apparent tha t  
part  of  th is  region in some f ishes is a c t i v e l y  involved in absorption
and is not a region concerned only w i th  the expulsion o f  feces as has 
been suggested by some inve s t ig a to rs  (B arr ing ton ,  1957)*
The terminal p o r t io n  of  the hindgut in £ .  ranga (F ig .  79) does 
appear to  be concerned p r im a r i l y  w i th  the expulsion o f  feces. The 
ep ithe l ium  of  th is  region undergoes a t r a n s i t io n  to a s t r a t i f i e d  
ep ithe l ium  (F ig .  80) which is s im i la r  to the t r a n s i t io n  in other f ishes  
(Pa tt  and P a t t ,  1969).
There is no w e l l - d e f in e d  anal sphincter  in £ .  ranga. At the re c to -  
anal ju n c t io n  ( F ig .  79) the lo ng i tud ina l  muscle layer  fades out and 
there is a s l i g h t  th icken ing  of  the c i r c u la r  smooth muscle. This is 
s im i la r  to  the changes in the musculature a t  the anus in Poeci1 ia 
r e t i c u l a t a  (Hale ,  1965) .  No s t r i a t e d  muscle is present in the muscula­
tu re .  The absence o f  an anal sphincter  appears to be common in f is h e s ,  
but i t  is d i f f i c u l t  to  say whether th is  is the usual condit ion since  
most in v e s t ig a to rs  have f a i l e d  to mention the arrangement of the 
musculature at the anus.
Electron Microscopy
Esophagus
A l l  u n i c e l l u l a r  mucous glands have the same basic f in e  s t ru c tu ra l  
fe a tu re s ,  and the saccular  mucous c e l l s  (F igs .  6 ,  8, 10, 11) o f  the 
esophagus of  jC. ranga are  no exception.  The u n ic e l lu l a r  mucous glands 
produce a mucopolysaccharide s e c re t io n ,  and t h e i r  f i n e  s t ru c tu re  
r e f l e c t s  th is  fu n c t io n .  There is a we11-developed system of  RER 
located in the basal and per iph era l  regions o f  the cytoplasm (F igs .  10, 
11) , and the amounts o f  RER are comparable to  that  which is found in 
i n te s t in a l  goblet  c e l l s  o f  mammals (Hoi 1 man, 1963; Freeman, 1966;
Toner, 1968) . This o rg a n e l le  consists  o f  membrane bound c is te rn a e  which 
have ribosomes attached to the outer port ion o f  the membrane. Palade  
(1955) found th a t  p ro te in  (amino acid)  synthesis is a funct ion  o f  the  
ribosomes, and these prote ins  a re  transported in to  the c is te rn a e  o f  the 
endoplasmic re t icu lum  by a mechanism which is not complete ly  understood 
(Beams and K esse l , 1968). This p ro te in  m ater ia l  appears w i th in  the RER 
as a f lo c c u le n t  m a te r ia l  of  medium e lec tron  dens ity  in the saccular  
mucous c e l l  (F ig .  11 ) .  In u n i c e l l u l a r  mucous glands th is  p r o te in  is 
thought to be the p r o te in  component of  the f in a l  secre tory  product of  
the c e l l  (Freeman, 1962, 1966; Toner, 1968). The question o f  how the 
t r a n s fe r  o f  the p ro te in  from the RER to the Golgi complex takes place  in 
i n t e s t in a l  goble t  c e l l s  was considered by Freeman (1962) and B ie r in g  
(1 962 ) .  Both o f  these in ve s t ig a to rs  found possib le  regions of cont inu­
i t y  between the RER and Golgi membranes. Such c o n t in u i ty  is not ev ident  
in the present study.  However, numerous small ves ic les  (F ig .  11) which 
conta in  e le c t ro n  dense m ater ia l  a re  found between the RER and the Golgi 
complex. This might suggest a t r a n s fe r  of  p ro te in  in the manner pro­
posed by Palade, e t  a_L (1962) in the pancreat ic  ac inar  c e l l .  This  
involves the b lebbing of  the RER to  form small v es ic les  which subse-
>
quently  fuse w i th  port ions o f  the Golgi complex. These ve s ic le s  do not 
have ribosomes attached and thus could be considered as par t  o f  the SER 
(Rhodin, 1963).
The cup-shaped Golgi complex (F igs .  10, 11) is a lso s im i l a r  to  tha t  
of in t e s t i n a l  goble t  c e l ls  (Freeman, 1962, 1966 ; Hollman, 1963; Toner,
1968), and the i n t e r i o r  o f  th is  o rg a n e l le  (F ig .  11) contains m a te r ia l  
which is very s i m i l a r  to the mucinogen in the secre t ion  granules.  The 
evidence in d ic a t in g  the involvement of the Golgi complex in the
synthesis  and s ecre t ion  o f  polysaccharides is overwhelming (Beams and 
Kessel,  1968). The s i t e  o f  su l fo na t ion  (Lane, e£ a K , 1964; Jennings 
and F lo rey ,  1956), synthesis o f  carbohydrate : (Neutra and Leblond,
1966a), and l inkage  of  carbohydrate to the prote in  (Neutra and Leblond,  
1966b) is the Golgi complex. Thus, the m ater ia l  w i t h in  the Golgi  
c is te rn a e  (F ig .  11) is thought to represent mucinogen at  some stage in 
i t s  fo rm at ion .  Golgi saccules become distended w i th  th is  m a te r ia l  and 
are  transformed in to  mucinogen granules (F igs. 10, 11) which move to the  
surface  o f  the c e l l .
The mucinogen in mature granules usual ly  has a granular  appearance 
(Freeman, 1966) , but a f i lamentous appearance of  the mucinogen in some 
c e l l s  (F ig .  12) is not unusual.  Freeman (1966) mentions a f i lamentous  
s t r u c tu r e  in some mucinogen granules o f  the goblet  c e l l s  from the human 
je junum. The dense accumulation of  mucinogen w i th in  one area o f  the  
granule  (F ig .  10) is a lso  f re q u e n t ly  found in other u n i c e l l u l a r  mucous 
glands (Toner,  1968).
The mucinogen granules near the Golgi complex are  u sua l ly  surround­
ed by continuous l i m i t i n g  membranes (F ig .  10),  although compression by 
the  accumulated s ecre t ion  may obscure the membranes (Freeman, 1966).  
However, as the granules move a p i c a l l y ,  membranes become discontinuous.  
This is e s p e c ia l ly  t ru e  of  the extruded granules (F ig .  6 ) .  Fawcett 
(1966)  s ta te s  tha t  th is  may be caused by im bib i t ion  o f  water by the  
mucinogen during specimen p repara t ion ,  or that i t  may be tha t  the mem­
branes e i t h e r  th in  out or break down as the c e l l  f i l l s  w i th  s e c r e t io n .
The apocrine nature o f  secre t ion  by the mucous c e l l s  of  ranga 
(F ig .  6) is not unique. Small amounts of  cytoplasmic const i tu en ts  are  
em it ted  w i th  the s e cre t ion  o f  in t e s t in a l  goblet c e l l s  in d ic a t in g  that
they are  t r u l y  apocrine (Freeman, 1962, 1966; Palay, 1958). However, 
T r i e r  (1963) has questioned t h i s .  He suggests that the normal mode of  
s e c re t io n  is merocrine and tha t  apocrine secre t ion  comes in to  p lay  only  
when the goblet  c e l l  is overs t im u la ted .  No evidence of merocrine  
s e c re t io n  was found in the present study.
The e le c t ro n  dens i ty  of  the nuclei and cytoplasm of  the u n i c e l l u l a r  
mucous glands (F ig s .  .6, 10) is a lso ev ident  in other u n i c e l l u l a r  mucous 
glands (Toner, 1968) and is a funct ion  o f  the compression caused by 
accumulated mucinogen (Freeman, 1962). Freeman (1966) a lso  noted th a t  
the nuclear  membrane in the mature goblet  c e l l  is d i f f i c u l t  to  d iscern  
and concluded th a t  th is  was caused by compression. This apparent ly  is 
the  ex p la na t io n  fo r  the i n a b i l i t y  to d is t in g u is h  some parts o f  the outer  
membrane of the  nuclear envelope from adjacent mucinogen granules 
( F ig .  11 ) .
M itochondria  a re  r e l a t i v e l y  scarce in other u n i c e l l u l a r  mucous 
glands (Freeman, 1966) as they are in £ .  ranga (Figs. 6 ,  10 ) .  Lysosomes 
have an extremely  v a r ia b le  f i n e  s t r u c tu r a l  appearance, and th is  makes 
morphological i d e n t i f i c a t i o n  of these d i f f i c u l t .
The other c e l l s  of the esophageal ep i the l ium  show no evidence o f
9
e i t h e r  a se cre to ry  or an absorpt ive  funct ion  (F igs. 6 ,  7 ) •  There are  
no secre t io n  granules,  and the Golgi complex (F ig .  6) is not ex tensive  
as i t  is in s e c re to ry  c e l l s  (Beams and Kessel,  1968). No p in p c y to t ic  
or m ic ro p in o c y to t ic  ves ic les  are found in the apical region o f  the c e l l s  
as in a b sorp t ive  c e l l s .  This is in contrast  to the e p i t h e l i a l  c e l l s  o f  
the esophagus o f  Salmo ga irdn er i  i r ideus  which are thought to  have an 
absorpt ive  fu n c t io n  (Weinreb and B i ls t a d ,  1955). As mentioned
p r e v io u s ly ,  the esophageal ep i the l ium  o f  Salmo ga irdn er i  i r ideus  a lso  
has a s t r i a t e  border which is lacking in the esophagus o f  JC. ranga.
A fe a tu re  held in common by a l l  o f  the non-secretory c e l l s  o f  the  
e p i th e l iu m  is a we11-developed cytoskeleton which is c h a r a c t e r i s t i c  of  
e p i t h e l i a l  c e l l s  in general and which gives them a degree o f  r i g i d i t y  
(Hay, 1966) .  This cytoskeleton is made up of  tonofi laments  (F ig s .  6 ,  7, 
10) which can be seen to anchor in ju n c t io n a l  m o d i f ic a t io n s ,  such as the 
desmosomes (F ig .  10) and, thus, give a d d i t io n a l  support to  the c e l l s .
The d i f fe re n c e s  which are found in the basal l i g h t  c e l l s  (F ig .  6 ) ,  
s u r fa ce  l i g h t  c e l l s  (F ig .  6 ) ,  and surface dark c e l ls  (F ig .  10) are  
r e f l e c t i o n s  o f  what might be considered as a p a r t i a l  degree o f  k e r a t i n i -  
z a t i o n .  T o n o f i1 aments are thought to be composed of  the f ib rous  p ro te in  
k e r a t in  in i t s  less h igh ly  c ross- l inked  form (Hay, 1966) .  In the s o f t  
k e r a t i n i z a t i o n  which occurs in the s t r a t i f i e d  squamous e p i th e l iu m  of the 
s k in ,  ora l  mucosa, and esophagus of man (Rhodin and R e i th ,  1962) , the 
f i r s t  step is the appearance of numerous f in e  tonof i laments produced 
through the a c t i v i t y  of  the numerous RNP p a r t ic le s  in the cytoplasm.  
These tonof i lam ents  then aggregate and form the f i b r i l s  which are  
v i s i b l e  w i th  the l i g h t  microscope. Keratohyal in  granules appear and 
a s so c ia te  w i th  the aggregated tonofilaments to  form s o f t  k e r a t in ,  which 
conta ins numerous d i s u l f i d e  c ross- l inkages .  In the esophageal e p i th e ­
lium of  JC. ranga the associat ion of RNP p a r t ic le s  and tonofi laments  is 
v i s i b l e  in the basal l i g h t  c e l ls  (F ig .  10).  The de ns i ty  o f  the cy to­
plasm in the dark c e l l s  a t  the f r e e  surface of  the e p i th e l iu m  is caused 
by an increased concentrat ion of  tonofi laments  and ribosomes (F ig .  7 ) .  
However, there  is no formation of t o n o f i b r i I s ;  the tonof i laments  form an 
i r r e g u la r  meshwork. In a d d i t io n ,  kera tohya l in  granules are not present.
The morphological evidence is that  d i s u l f i d e  c ross- l inkages  are  not 
formed as they are in t rue  k e r a t in .  The reason fo r  the d i f fe re n c e s  in 
dens i ty  o f  the c e l l s  a t  the f r e e  surface is not c l e a r .  This might be a 
r e f l e c t i o n  o f  the age o f  these c e l l s ;  i . e . ,  the dark c e l l s  have been at  
the surface  longer and w i l l  be lost  f i r s t  and replaced by new c e l l s  from 
the basal reg ion .  However, the degenerat ion o f  the nuclear  membrane is 
found in both the l i g h t  and dark c e l ls  a t  the s u r fa c e .  Further  
in v e s t ig a t io n  is needed to e lu c id a te  the sequence o f  events.
The s ig n i f ic a n c e  o f  the very d i f f e r e n t  appearance o f  the ep i the l ium  
(F ig s .  8 , 9) found in the esophagus of  one specimen is not known. The 
dense accumulations o f  tonofilaments found in these c e l l s  apparent ly  
strengthen the tonof i lament network of  the c e l l s .  They appear to be 
g lobu lar  accumulations of tonofilaments ra th e r  than t o n o f i b r i I s  as 
evidenced by the fa c t  tha t  they always appear round ra th e r  than e lon­
gated. The fi lamentous m ater ia l  attached to the f r e e  surface  o f  the 
c e l l s  (F ig .  9 )  appears to be a g lycoprote in  coat s im i l a r  to the  
antennulae m ic r o v i1 lares o f  the in te s t in a l  e p i th e l iu m  (Yamada, 1955).  
However, in th is  instance the terms " fu zz"  (I  to  and Winchester , 1963) or 
f l u f f y  coat (Farquhar and Palade, 1963) are  more appro p r ia te  since they 
do not imply the presence o f  m i c r o v i l l i .  No exp lanat ion  can be o f fe red  
fo r  the presence of  the " fu zz"  on th is  e p i th e l ium  and i t s  absence on the 
f i r s t  e p i th e l iu m  described.
The zonula occludentes (F igs .  7. 9) which occur on the la t e r a l  
surfaces of  the e p i t h e l i a l  c e l ls  adjacent to the lumen are s im i l a r  to  
those in other  e p i t h e l i a  (Farquhar and Palade, 1963) .  This element o f  
the ju n c t io n a l  complex is character ized  by a fus ion  o f  adjacent c e l l  
membranes such that  the i n t e r c e l l u l a r  space is o b l i t e r a t e d .  The other
elements o f  the ju n c t io n a l  complex, the zonula adhaerens and macula 
adhaerens, are not present .  This is not unusual since the occurrence of  
these v a r ie s  in d i f f e r e n t  e p i t h e l i a  ( i b i d . ) . Desmosomes are  present on 
the l a t e r a l  surfaces o f  the c e l l s  nearer the bases o f  the c e l l s  (F ig s .  
11, 12 ) ,  and these have the ty p ic a l  s t ru c tu re  found in other e p i t h e l i a  
( i b i d . ) . The in t im ate  associa t ion  of the zonulae occludentes ( F ig .  9)  
and the desmosomes (F ig .  12) w i th  tonofilaments is a lso usual ( i b i d . ) . 
The zonula occludentes, desmosomes, and in t e r d i g i t a t io n s  of  the l a t e r a l  
surfaces are  func t iona l  in c e l l  adhesion (Hay, 1966). The elements o f  
the ju n c t io n a l  complex, however, have an add i t ion a l  funct ion  in th a t  
they form a b a r r i e r  between the i n t e r c e l l u l a r  space and the lumen 
(Farquhar and Palade, 1963).
The half-desmosomes which occur a t  the basal surface o f  the 
e p i th e l iu m  (F ig .  12) are  common in s t r a t i f i e d  e p i t h e l i a .  They a r e  so 
named because there is no matching counterpart  in the underlying  
connect ive  t is s u e  (Hay, 1966). The anchoring of  connective t is s u e  
f i b r i l s  a t  nodules in the basal lamina which is found in the esophagus 
o f  the  p ike  (Linss and Geyer, 1967) is not apparent in the esophagus o f  
£ .  ranga.
The basal lamina o f  the esophagus (F igs .  6 ,  8 , 12) is t y p ic a l  of  
those upon which other  e p i t h e l i a  re s t  (Fawcett ,  1966). The basement 
membrane o f  l i g h t  microscopy a c t u a l l y  consists o f  two p a r ts ,  the basal  
lamina and the r e t i c u l a r  lamina (Hay, 1966). The l a t t e r  s t r u c tu r e  has 
i t s  o r i g i n  from the connective t is s ue  and is f req ue nt ly  absent as i t  is 
in the esophagus o f  £ .  ranga. The basal lamina is thought to  be a 
product o f  the e p i t h e l i a l  c e l l s  (Hay and Revel,  1963) and is a very  
constant s t r u c tu r e .  In the absence of a r e t i c u l a r  lamina, a basement
membrane is usua l ly  not v i s i b l e  a t  the l i g h t  microscope level of  
r e s o lu t io n .  However, in some areas, such as the renal glomerulus, the  
basal lamina is th ic k  enough to a llow for  histochemical s tudies  a t  the  
l i g h t  microscope level (Hay, 1966). Such studies have revealed the  
presence of  mucopolysaccharide ( i b i d . ) . Chemical and autoradiographic  
studies suggest tha t  the f in e  fi lamentous component o f  the basal lamina 
is co l lagen in the form of  t ro p o c o l1agen molecules (Fawcett ,  1966).
The f i n e  s t ru c tu re  o f  the collagenous f i b r i l s  (F igs .  13, 1*0 of  
the lamina p ro p r ia  is comparable to that  described by Porter  (1 968 ) .
The p e r i o d i c i t y  which is evident is a r e f l e c t i o n  of  the arrangement of  
the tropoco l lagen units  ( in s e t ,  F ig. 13) .  At th is  re so lu t io n  the major 
repeat ing p a t te rn  is ev iden t .
The f ib r o b la s t s  of connective t issues are concerned w i th  the  
synthesis o f  both the connective t issue  f ib e r s  and m atr ix  and have the  
c h a r a c t e r is t i c s  a t t r i b u t a b l e  to a c e l l  which is a c t iv e  in p ro te in  
synthesis ( P o r te r ,  1966). This means that  large amounts o f  RER and a 
we11-developed Golgi complex are v i s i b l e  a t  the e lec tro n  microscope 
l e v e l .  The c e l l  which is not a c t iv e l y  synthes iz ing f ib e r s  and m atr ix  
has a r e l a t i v e l y  smal ler  volume of cytoplasm, and RER and Golgi mem­
branes are sparse ( i b i d . ) .  According to Porter  (1966) ,  these c e l l s  are  
more a p p ro p r ia te ly  re fe r red  to as f ib ro c y te s .  The c e l l s  which occur in 
the lamina p rop r ia  of  £ .  ranga (F igs .  13, 1*0 very d e f i n i t e l y  are not 
a c t i v e l y  synthes iz ing  and must be re fe r red  to as f ib ro c y te s .
The other  c e l l s  which are found in the lamina propr ia  are  macro­
phages (F igs .  13, 15) .  Phagocytic c e l ls  are character ized  by the  
presence of  numerous lysosomes or phagosomes in the cytoplasm (P o r te r ,  
1966) . The lysosomes are membrane bound accumulations of  h y d ro ly t ic
enzymes which are v a r ia b le  w i th  respect to t h e i r  appearance in the  
e le c t ro n  microscope. Those which are found in the f i r s t  type o f  macro­
phage (F ig .  15) are very s im i la r  to those described by Porter  (1966) in 
macrophages from guinea pig spleen.  The smooth contours of the plasma- 
lemma o f  th is  macrophage ind icate  that  i t  was not a c t i v e l y  phagocytiz ing  
at  the time o f  f i x a t i o n .  The absence of  pseudopodia can be taken as an 
in d ic a t io n  tha t  th is  is probably a " f ix e d "  macrophage (p o r te r ,  1966).
The second c e l l  type (F ig .  13) is a very unusual one, but there  are  
d e f i n i t e  ind ica t ions  o f  phagocytosis. The very e le c t ro n  dense granules  
of fo re ig n  matter  in some instances are enclosed in membrane bound 
s t ru c tu re s  s im i l a r  to the lysosomes of  the f i r s t  macrophage. These 
s tru c tu re s  are  more a p p ro p r ia te ly  c a l le d  phagosomes s ince they contain  
fo re ig n  m a t te r .  The very numerous e lec t ro n  dense mitochondria w i th  
t h e i r  c lo s e ly  packed c r is t a e  ind ica te  a high energy requirement by these 
c e l l s .  Presumably, th is  high energy requirement is connected w i th  th e i r  
a c t iv e  phagocytic s t a te  and the necessity of increased synthesis  of  
enzymes.
The d e s c r ip t io n  of the f in e  s t ru c tu re  of c a p i l l a r i e s  in connective  
t issues given by Barrnett  (1966) appl ies  to those which are found in the 
lamina propr ia  of  £ .  ranga (F ig .  13) .  They are c h arac te r ized  by having 
a continuous endothelium without fenes tra t io ns  and a continuous basal 
lamina. La te ra l  c e l l  junct ions  are  t i g h t  and marked by desmosomes or by 
regions of  t ig h t  ju n c t io n  s im i la r  to  those described by Porter  and 
B onnev i l le  (1968) in the c a p i l l a r i e s  o f  the lung. Por ter  and Bonnevi l le  
(1968) found tha t  these were p la q u e - l ik e  s t ructures  ra th e r  than being 
continuous bands as are the zonulae occludentes o f (some e p i t h e l i a .
Since the shape and extensiveness o f  these ju n c t io n s  were not determined
in th is  study, they are re fe r re d  to only as t ig h t  ju n c t io n s .  Numerous 
m icrop in ocy to t ic  ves ic les  of  the uncoated v a r ie t y  are  a lso  c h a r a c te r is ­
t i c  o f  the endo the l ia l  c e l l s .  Jennings, Marchesi,  and F lorey  (1962)  
demonstrated tha t  p a r t i c u l a t e  markers introduced in to  the blood stream 
a re  taken up by these v e s ic le s .  However, Fawcett (1966) s ta ted th a t  i t  
has not yet  been determined whether micropinocytosis plays a very  
important r o le  in exchange across the c a p i l l a r y  w a l l ;  i . e . ,  these  
v e s ic le s  may funct ion  only  in p ick ing  up mater ia l  fo r  the  use of  the  
e n d o th e l ia l  c e l l s .  The in d ica t ion s  of s e l e c t i v i t y  by the coated 
mi c ro p in o c y to t ic  ves ic les  are  not found in the uncoated v a r i e t y  found in 
e n d o th e l ia l  c e l l s  (B a r r n e t t ,  1966). Most of the mi c ro p in o c y to t ic  
v e s ic le s  are  e i t h e r  attached to the plasmalemma or very near i t .
Fawcett (1966) a lso noted th is  and considered th is  to be evidence tha t  
these v es ic les  are slow to  separate  from the sur face .
The e ndo the l ia l  c e l ls  o f  the a r t e r i o l e  (F igs .  16, 17) have the same 
f i n e  s t r u c tu r a l  c h a r a c t e r is t ic s  which are  found in c a p i l l a r y  endothelium. 
The terminal  a r t e r i o l e  is c h a r a c t e r i s t i c a l l y  surrounded by a s in g le  
layer  o f  smooth muscle c e l l s  (Por ter  and Bonnevi l le ,  1968). The micro-  
p in o c y to t ic  v e s ic le s  (F ig .  17) are  usual ly  found in smooth muscle c e l l s  
( i b i d . ) ,  but the r e s t r i c t i o n  o f  these to the surface away from the  
endothelium has not been reported in any other in v e s t ig a t io n .  The layer  
of  medium e le c t ro n  dense m a te r ia l  which invests the muscle c e l l  is 
s i m i l a r  to  the basal lamina of  e p i th e l iu m .  However, th is  m ater ia l  is 
found around Schwann c e l l s ,  f i b r o b la s t s ,  s t r i a t e d  muscle, and other  
c e l l s  o f  mesenchymal o r ig in  and in a l l  instances forms a complete coat 
around the c e l l s  (Fawcett ,  1966). Thus, the name basal lamina is 
in ap p ro p r ia te ,  and Fawcett (1966) suggests the term ex te rn a l  lamina fo r
th is  co a t .  I t  is a lso  re fe r re d  to as the boundary la y e r ,  g lycocalyx ,  
and g lycopro te in  mantle (Fawcett ,  1966).
The nerve f ib e r s  of  the alimentary t r a c t  are c h a r a c t e r i s t i c a l l y  o f  
the nonmyelinated v a r i e t y ,  and those of C. ranga are  no exceptfon to  
th is  (F ig s .  13, 18 ) .  Their  f i n e  s t ru c tu re  is cons is ten t  w i th  tha t  of  
nonmyelinated f ib e r s  described by previous in v e s t ig a to rs  (Porter  and 
B o n n e v i l le ,  1968). Several axons are t y p i c a l l y  found enveloped by the 
cytoplasm of a s in g le  Schwann c e l l  (F ig .  18) in con tra s t  to the one axon 
and Schwann c e l l  seen in sections of  myelinated f i b e r s .
S t r i a t e d  muscle c e l ls  are  character ized by the ordered arrangement 
of  the c o n t r a c t i l e  f i laments  which gives them t h e i r  cross s t r i a t e d  
appearance. The arrangement o f  these f i lam ents  in the esophagus and 
stomach of  C.  ranga (F igs .  2k,  25, 26) is s im i la r  to  tha t  found in other  
s t r i a t e d  muscle (Porter  and Bonnevi l le ,  1968). In the re laxed s ta te  
(F ig .  26) the l-band is v i s i b l e  and contains only  a c t in  f i la m e n ts .  The 
A-band contains both types o f  f i lam ents  except in the c e n tra l  l i g h t e r  
zone, the H-area (F ig .  2 6 ) ,  where only myosin f i lam e nts  are  present .
The Z - l i n e  (F ig s .  2k ,  25, 26) is a narrow zone of dense m a te r ia l ,  and 
there  is some evidence th a t  tropomyosin is associated w i th  th is  region  
(DeRobert is ,  e t  j a K , 1965). The M - l in e  (F ig .  25) in the middle o f  the  
A-band is the area where the myosin f i laments  are interconnected  
(Fawcett ,  1966). The hexagonal a rray  of  a c t in  f i lam e nts  around the  
myosin f i lam ents  seen in cross sections (F ig .  29) is c h a r a c t e r i s t i c  of  
s t r i a t e d  muscle, and each a c t in  f i lam ent  is e q u id is ta n t  from three o f  
the t h i c k  myosin f i lam ents  (Huxley, 1958). La te ra l  arms, or cross­
b r id g e s ,  extend from the myosin f i laments  to the a c t in  f i lam ents  ( i b i d .). 
The s t r u c tu r a l  fea tu res  of the c o n t r a c t i l e  f i lam ents  observed in th is
study a re ,  th e re fo re ,  in accord w i th  those found in s t r i a t e d  muscle o f  
other  v e r te b ra te s .  According to the s l i d i n g  f i lam e n t  theory of  
c o n t ra c t io n ,  the myofilaments maintain  t h e i r  length but s l i d e  w i th  
respect to one another ( i b i d . ) . The arrangement o f  the crossbridges  
suggests th a t  the th ic k  f i laments  pu l l  the th in  f i lam ents  by a kind o f  
ra tc h e t  a c t io n ,  and the th in  f i laments  extend f a r t h e r  in to  the A-band 
( i b i d . ) .  This gives r i s e  to the appearance o f  the muscle in F ig .  25 
where the |-band is no longer v i s i b l e  and the H-area has been o b l i t e r ­
a ted .
The associa t ion  o f  the sarcoplasmic re t icu lum  w ith  the invagina­
t ions o f  the sarcolemma and with  the m y o f ib r i l s  (F ig .  26) is s i g n i f i c a n t  
w ith  regard to the contrac t ion  and re la x a t io n  of  the muscle. Presumably 
the e x c i t a t i o n  produced in the sarcolemma is transported to  the in t e r io r  
o f  the muscle f ib e r s  by the transverse tubules (Porter  and Bonnevi l le ,  
1968) . This s t imulates  the re lease o f  Ca++ necessary f o r  c ontrac t ion  
from the terminal ves ic les  o f  the sarcoplasmic re t icu lum  ( i b i d . ) . The 
sarcoplasmic re t icu lum has the a b i l i t y  to recapture  the calcium ion and 
s tore  i t  fo r  the next contrac t ion  (Hasselbach, 1964) . The t r i a d  is 
found at  the level o f  the Z - l i n e  in the s t r i a t e d  muscle o f  the esophagus 
and stomach of  JC. ranga (F ig .  2 6 ) .  There is some v a r i a t i o n  in d i f f e r e n t  
muscles as to where the t r ia d s  are located.  Comparative morphological  
studies reveal tha t  these may be more numerous, e s p e c ia l ly  in r a p id ly  
c o n t ra c t in g  muscles and w i l l  occur a t  the ju nc t ion s  o f  the A- and 
l -bands (Porter  and Bonnevi l le ,  I 968) .
The only ganglion c e l l s  found in the gut wal l  of £ .  ranga were in 
the serosa of  the esophagus (F ig .  3 0 ) .  This does not necessar i ly  imply 
th a t  they are not present in the lamina propr ia  or between the muscle
la y e rs .  Considering the thinness of the sections used fo r  e le c t ro n  
microscopy, i t  is possib le  that such c e l ls  are  present  but were not 
included in the sect ions .  However, the nerve c e l l  bodies which are  
found in the serosa (F ig .  30) are e a s i ly  recognizable  s ince they have 
the extensive  Golgi complex and RER which are  normally found in such 
c e l l s  (Palay and palade, 1955; Herndon, 1963). . The c e l l  which is found 
in conjunction w i th  the nerve c e l l  body is id e n t i f i e d  as a peri neuronal 
s a t e l l i t e  c e l l  because of  the close associat ion w i th  the nerve c e l l .  
Myelinated nerves are not normally found in the wal l  o f  the d ig e s t iv e  
t r a c t  (Deane and padykula, 1966). However, many small nerves have a 
very th in  myel in sheath which cannot be demonstrated by specia l  m yel in -  
s ta in in g  techniques and a re  re ferred  to as nonmyelinated f ib e r s  (Singer  
and S a lp e te r ,  1966). The myelinated nerves (F ig .  30) which occur here 
are  probably o f  th is  type.
The only unusual fe a tu re  of the mesothelia l c e l l s  (F ig . .  30) is the  
absence of  m i c r o v i l l i  which have been found in other s tudies  (Rhodin, 
1963) . M i c r o v i l l i  increase the surface area for  exchange of  soluble  
substances between the c e l l s  and the per i toneal  c a v i t y  ( i b i d . ) . The 
m icropinocytot ic  ves ic les  which are present are of  the noncoated v a r ie ty  
as in endo the l ia l  and muscle c e l l s ,  and these are ty p ic a l  o f  mesothelia l  
c e l l s  in general ( i b i d . ) .
Stomach
The f in e  s t ru c tu re  o f  the surface mucous c e l l s  (F ig s .  3 6 , 37) of  
the g a s t r ic  e p i th e l ium  is almost iden t ica l  to  comparable c e l l s  in 
mammals (Rhodin, 1963). The mucinogen granules are  t y p i c a l l y  dense and 
accumulate at  the apica l  surface,  but they do not d istend the c e l l  as 
they do in u n i c e l l u l a r  mucous glands ( i b i d . ) . The m i c r o v i l l i  which
occur a t  the f r e e  surface o f  these c e l ls  are sparse and i r r e g u la r  in 
mammalian surface mucous c e l l s  ( i b i d .)  as they are in those o f  C. ranga 
(F ig .  37)» and a r e l a t i v e l y  th ic k  surface coat ,  the antennulae micro-  
v i l l a r e s ,  is usual.  In contrast  to the extensive RER o f  u n ic e l lu l a r  
mucous glands, RER is sparse in th is  mucous c e l l .  Secret ion granules  
f i r s t  make t h e i r  appearance in the Golgi region (F ig .  b ] )  as do secre­
t io n  granules of most c e l l  types (Beams and Kessel,  1968). The d i f f e r ­
ences in dens ity  of the mucinogen granules (F igs .  37, ^1) are a r e f l e c ­
t io n  o f  the condensation which occurs as the granules mature.
The presence of numerous mitochondria in the apica l  cytoplasm 
(F ig .  37) is a lso  c h a r a c t e r is t ic  o f  the mammalian surface mucous c e l l .  
The e le c t ro n  dense granules which are found in the m atr ix  o f  these 
mitochondria  are thought to  be comparable to the in t ram itochondria l  
granules which have been shown to be accumulations of d iv a le n t  ions 
(Peachey, 196**).
The i r r e g u la r  nuclear p r o f i l e s  which are v i s i b l e  in the surface  
mucous c e l l s  (F ig .  36) are not unusual since s im i l a r  p r o f i l e s  are 
f re q u e n t ly  found in the surface  mucous c e l ls  of  the mammalian stomach 
(Rhodin, 1963).
Possib ly  the most in te r e s t in g  aspect o f  the study of the a l im entary  
t r a c t  o f  C:. ranga is the f i n e  s t ru c tu re  of the c e l l s  o f  the g a s t r ic  
glands (F ig s .  k ] , kZ,  k3 ,  k k ,  k 5 ) . For years the consensus has been 
th a t  the g a s t r ic  glands produce both pepsinogen and hydrochlor ic  ac id ,  
although Barr ington (19^2) stated that  the evidence for  th is  is insu f ­
f i c i e n t .  However, the f i n e  s t ru c tu ra l  features o f  the g a s t r ic  gland 
c e l l s  in C.  ranga ind ica te  tha t  th is  may not be t ru e  in a l l  f is h e s .  The 
e o s in o p h i l ic  granules seen by l ig h t  microscopy are not pepsinogen
granules;  r a th e r ,  they are mitochondria (F igs .  42 ,  4 3 ) .  Ha11y (1959) ,  
in his comparison of the mitochondria o f  p a r ie t a l  c e l l s  o f  mammals w i th  
those o f  other c e l l s ,  noted that  they are  la r g e r ,  have more c lo s e ly  
packed c r i s t a e ,  and a denser m a tr ix .  The mitochondria  of the oxynt ic  
c e l l s  o f  frogs have s im i l a r  c h a r a c te r is t ic s  (Sedar, 1961a and b, 1965).  
The mitochondria o f  the g a s t r ic  gland c e l l s  o f  £ .  ranga are  la r g e r ,  have 
a g r e a te r  e lec t ro n  d e n s i ty ,  and more c lose ly  packed c r i s t a e  than the  
sur face  mucous c e l l s  (F ig .  4 1 ) .  Although the c r i s t a e  (F igs .  43 ,  44) are  
not as numerous and c lo s e ly  packed as in the mammalian oxynt ic  c e l l  
( H a l l y ,  1959; Porter  and Bonnev i l le ,  1968), they do c lo s e ly  resemble 
those of  the oxyntic  c e l l s  of  frogs (Sedar, 1961 a and b, 1965) . The 
la rg e  numbers of  mitochondria w i th  very c lo s e ly  packed c r i s t a e  are  
i n d ic a t iv e  o f  the high energy requirement o f  the oxynt ic  c e l l s  (H a l ly ,  
1959).
Another fe a tu re  o f  the p a r ie t a l  or oxynt ic  c e l l s  of mammals is the 
development of  a very extensive  system of  sur face  invaginat ions (Sedar,  
1955, 1957; C h a l l i c e ,  _et a k , 1957; Sedar, 1959; Sedar and Friedman, 
1959; H a l ly ,  1959; Helander and Eckholm, 1959; Lawn, I960;  I to and 
Winchester , 1963). This takes the form of  i n t r a c e l l u l a r  secre tory  
c a n a l i c u l i  which are l ined w ? th .m icrov i11i and extend deeply in to  the 
c e l l s  ( i b i d . ) . Such c a n a l ic u l i  a re  not present in the g a s t r ic  gland 
c e l l s  o f  £ .  ranga. However, the oxynt ic  c e l l s  o f  frogs a lso  lack such 
s tru c tu re s  (V ia l  and Orrego, I960; Sedar, 1961 a and b, 1965). Instead,  
they have e la b o r a te ly  infolded membranes a t  the  f r e e  surface ( i b i d . )  
such as are  found in the g a s t r ic  glands of  the g la s s f is h  (F igs .  42 ,  4 5 ) .  
These in fo ld ings g r e a t ly  increase the surface  area and thus f a c i l i t a t e  
the secre tory  process as do the i n t r a c e l l u l a r  c a n a l i c u l i  of  the
mammalian oxynt ic  c e l l .  The gland c e l ls  of  £ .  ranga do d i f f e r  from 
those o f  frogs in tha t  they lack the i n t e r c e l l u l a r  c a n a l i c u l i  (Sedar,  
1961a).
The numerous smooth surfaced vesic les  which are  v i s i b l e  in the  
apica l  po r t ion  o f  the cytoplasm (Figs. 43, 45) are s im i l a r  to those seen 
in the oxynt ic  c e l ls  of  Rana catesbiana (Sedar, 1961 a and b, 1965) and 
mammals (Sedar, 1955, 1957, 1959; Chal 1 ice j j t  a 2 . , 1957; H a l ly ,  1959;
I t o  and Winchester, 1963). In oxyntic c e l l s  which are f ix e d  in 
glutara ldehyde ra th e r  than osmium, cytoplasmic tubules are seen instead 
of  v e s ic le s .  The tubules are  apparently  not as wel l  preserved by osmium 
as they are by g lu ta la ldehyde .  Sedar ( I9 6 0 ,  1965) used histamine to  
s t im u la te  hydrochlor ic  acid production by the oxynt ic  c e l l s  of  Rana 
catesbiana and compared the f in e  s t ru c tu ra l  fea tures  o f  the nonsecreting  
and secre t ing  c e l l s .  In the st imulated c e l l s  there was a pronounced 
increase in the depth to which the surface invaginat ions extend in to  the 
c e l l  and a concomitant decrease in the number of  smooth v e s ic le s .  This 
indicates  tha t  the smooth surfaced vesic les  o f  the cytoplasm a c tu a l ly  
become continuous w i th  the surface membrane and tha t  th is  is the method 
by which acid is secreted (Sedar, 1965). Supporting evidence fo r  th is  
in t e r p r e t a t io n  is found in s im i la r  tubular  cytoplasmic membrane systems 
in other  ion secre t ing  c e l l s  such as the c h lo r id e  c e l l s  o f  some f ishes  
( P h i lp o t t  and Copeland, 1963; P h i lp o t t ,  1967).
The g a s t r ic  glands of at least some amphibians conta in  c e l l s  which 
perform the dual funct ion  o f  acid and pepsinogen production (Sedar,
1961 a and b, 1965; S chae f fe r ,  1970). Sedar (1961 a and b, 1965) found 
ty p ic a l  zymogen granules in the oxyntic  c e l l s  o f  Rana ca tes b ia na . The 
esophagus o f  frogs contains pepsinogen producing glands (Friedman,
1937) which apparent ly  account fo r  most o f  the pepsinogen product ion.  
According to Sedar (1961a) ,  the zymogen granules o f  the oxynt ic  c e l l s  
are  less numerous than those of the esophageal pept ic  c e l l s ,  but they 
are  very s im i l a r  in appearance. No granules which in any way resemble 
zymogen granules are found in the g a s t r ic  gland c e l l s  o f  C. ranga 
( F ig .  ^ 3 ) .  T h is ,  together w i th  the i n a b i l i t y  t.o demonstrate zymogen 
h is to c h e m ic a l ly , leads me to be l ie v e  that  the g a s t r ic  gland c e l l s  o f  
C. ranga are  not involved in the production o f  pepsin.  In a d d i t io n ,  the 
very small amount of  RER (F ig .  ^3) in these c e l l s  is no g rea ter  than 
th a t  found in the pure ly  acid secre t ing  mammalian oxynt ic  c e l l  (Sedar,  
1955. 1957; H a l ly ,  1959) and is not comparable to the amount found in 
zymogenic c e l l s .
I f  the g a s t r ic  gland c e l l s  of C. ranga are  involved only in the  
s e c re t io n  o f  HC1 as t h e i r  f in e  s t ru c tu re  ind ica tes ,  the next question is 
whether pepsinogen is produced in e i t h e r  the esophagus or the stomach. 
The only  answer I can g ive  is tha t  such production is not apparent in 
e i t h e r  the histochemical or f in e  s t ru c tu ra l  s tud ies .  Barr ington (19^2) 
s ta te s  th a t  in the e v o lu t ion  of  the stomach the production o f  acid  
presumably preceded the production o f  pepsin and may have a r isen  as an 
adapta t ion  fo r  the k i l l i n g  of prey and for  checking b a c t e r i a l  in f e c t io n .  
Possib ly  in some f ishes the production o f  acid has not been fol lowed by 
the a b i l i t y  to  produce pepsin or th is  a b i l i t y  has been subsequently 
l o s t .  Barr ington  (19^2) be l ieves  tha t  the absence of  a stomach in 
various te le o s ts  is probably a spec ia l ized  ra ther  than a p r im i t i v e  
c o n d i t io n .  This view is supported by the fa c t  tha t  the stomachless 
cond i t io n  occurs i r r e g u l a r l y  in unrela ted groups and tha t  the stomach 
may be present or absent in d i f f e r e n t  genera o f  the same fam i ly  (H irsch ,
1950) .  I f  such is the case, i t  does not appear u n l i k e ly  th a t  there are  
f ishes  in which only a p a r t i a l  loss of  g a s t r ic  funct ion  has occurred.
The basal lamina of  the stomach (F ig .  36) is s im i la r  to tha t  of the 
esophagus. However, there is f req uent ly  an a d d i t io n a l  dense layer  
adjacent  to the basal lamina. This is the r e t i c u l a r  lamina which is 
said  to be o f  connective t issue  o r ig in  (Hay, 1966).
The f in e  s t ru c tu re  of  the smooth muscle c e l l s  (F igs .  48 ,  49 ,  50,
51 ,  52) is comparable to that  o f  other v e r tebra tes  (Schoenburg, et a l . ,  
1966; Panner and Honig, 1967; Porter  and B onnev i l le ,  1968 ; K e l ly  and 
Rice ,  1968, 1969). The l i g h t l y  e lec tron  dense f i lam ents  which are  
present throughout the sarcoplasm (F ig .  48) are  the a c t in  f i laments  
(Schoenburg, est a K , 1966; Panner and Honig, 1967). Myosin is v i s i b l e  
only  when the muscle is contracted (K e l ly  and Rice, 1969) and appears as 
clumps o f  more e le c t ro n  dense f i lam ents  in the cytoplasm. These f i l a ­
ments are very s im i l a r  to  t h e i r  counterparts in s t r i a t e d  muscle, but 
d i f f e r  in t h e i r  arrangement w i th in  the c e l l  (Por te r  and Bonnevi l le ,  
1968) .  The th in  a c t in  f i laments  become much s t r a i g h t e r  during contrac­
t io n  and appear to be anchored in the e le c t ro n  dense regions of  the  
sarcoplasm adjacent to the sarcolemma (K e l ly  and Rice, 1969) . This is 
ev ident  in lo ng i tu d in a l  sections of  the smooth muscle (F ig .  48) where 
the areas of the membrane adjacent to these dense areas are  invaginated  
as though the th in  f i laments  were p u l l in g  them. P in o c y to t ic  vesic les  
are  not found in the dense areas (Porter  and B onnev i l le ,  1968). Dense 
areas s im i l a r  to  those adjacent to the membrane are  a lso  found in the 
sarcoplasm of  smooth muscle c e l ls  and are c a l le d  dense bodies ( i b i d . ) , 
but these are  not v i s i b l e  in the smooth muscle c e l l s  o f  C. ranga. These 
dense areas apparent ly  correspond to the Z - l in e s  of  s t r i a t e d  muscles.
The ju n c t io n s  in smooth muscle which I have re fe r re d  to as 
desmosomes (F ig .  50) may not q u a l i f y  fo r  th is  des ignat ion .  Oosaki and 
I s h i i  (1964) s ta te  tha t  th is  type o f  ju n c t io n  should be d ist inguished  
from the usual desmosome because i t  is more ex ten s iv e .  Since I did not 
determine whether these junct ions  are  b u t t o n - l i k e  s t ru c tu res  or more 
ex ten s ive ,  they a re  t e n t a t i v e l y  designated as desmosomes. The nexus of  
the smooth muscle c e l l  is an area in which there  is actual fusing of  
the membranes o f  adjacent smooth muscle c e l l s  (Dewey and Barr ,  1962).  
This type of  ju n c t io n  occurs in the smooth muscle o f  the a l imentary  
t r a c t  o f  C.  ranga (F ig .  52) but is less frequent  in occurrence than the 
desmosome. I t  has been proposed tha t  such ju nc t ion s  funct ion  in the 
transmission o f  e x c i ta t io n  from one muscle f i b e r  to another (Lane and 
Rhod in ,  1964).
The mesothel ia l  c e l ls  o f  the serosa of  the stomach (F igs .  49 ,  52) 
do not re s t  on a basal lamina as do the mesothel ia l  c e l l s  o f  the 
esophagus. The presence of a basal lamina beneath the mesothelia l c e l l s  
of the v is c e ra l  peritoneum appears to be v a r i a b le ,  and i t s  absence has 
been noted by previous invest igators  (Rhodin, 1963).
Upper In t e s t in e  or Midgut
The f i n e  s t ru c tu re  of the columnar absorbing c e l l s  of the in te s t in e  
of  jC. ranga (F ig s .  57, 58, 59, 60, 62) is s im i l a r  to tha t  o f  other  
f ishes  (Jansson and Olson, I960; Yamamoto, 1966) and c lo s e ly  p a r a l l e ls  
th a t  o f  the columnar absorbing c e l ls  of amphibians (Werner and Luebben, 
1963) and mammals (Toner, 1968; Porter  and B onnev i l le ,  1968). I n t e s t i ­
nal absorpt ive  c e l l s  are character ized  by the presence of  very uniform  
cytoplasmic p ro je c t io n s ,  the m i c r o v i l l i ,  a t  the f r e e  surface of the 
c e l l s .  These pro jec t ions  have been estimated to increase the absorpt ive
surface  area by a fa c to r  o f  2k -  30 (Toner, 1968). The sur face  coat  
which is not well  developed in these c e l l s  of JC. ranga (F ig .  59) is 
c h a r a c t e r i s t i c a l l y  present on the surface of the m i c r o v i l l i  of  absorp­
t i v e  c e l l s  and has been v a r io u s ly  re fe r red  to as fuzz  ( I  to  and 
Winchester, 1963), f l u f f y  coat (Farquhar and Palade, 1963), and antennu-  
la e  m ic r o v i1 lares (Yamada, 1955). This layer is be l ieved  to be an acid  
mucopolysaccharide product o f  the e p i t h e l i a l  c e l l  which is synthesized  
in p a r t  by the Golgi apparatus (Peterson and Leblond, 1964) and which 
probably  funct ions in concentrat ing m ater ia ls  to be absorbed a t  the c e l l  
surface  (Porter  and B onnev i l le ,  1968). The i n t e r i o r  o f  the m i c r o v i l l i  
contains a dense fi lamentous network (F ig .  59) s im i la r  to  th a t  o f  other  
i n t e s t i n a l  m i c r o v i l l i  (Toner, 1968). Microtubules which have been 
described by some in ves t ig a to rs  ( i b i d .) are not apparent in th is  inves­
t i g a t i o n .  The terminal web (F ig .  58) is composed o f  a s i m i l a r  network 
of  f i l a m e n ts ,  but th is  region ,  l i k e  tha t  of  the g o ld f is h  in t e s t in a l  c e l l  
(Yamamoto, 1966), is less w e l l  developed than the terminal  web o f  the 
mammalian absorpt ive  c e l l .  The small m icrop inocytot ic  v e s ic le s  and 
invaginat ions (F ig s .  5 8 , 59) a t  the bases o f  the m i c r o v i l l i  are  constant  
fe a tu re s  of  absorpt ive  c e l l s  (Toner, 1968).
The r e l a t i v e l y  smooth contours of the la t e r a l  c e l l  membranes 
(F ig .  57) are s im i la r  to those found by Yamamoto (1966) in the go ld f is h  
and rainbow t r o u t .  This is in contrast  to the i n t e r d i g i t a t i n g  membranes 
o f  the mammalian in t e s t in a l  e p i the l ium  (Freeman and Geer, 1965). The 
t y p ic a l  ju n c t io n a l  complex of  Farquhar and palade (1963) is present as 
in other  in t e s t in a l  e p i t h e l i a  (F ig .  5 9 ) ,  and desmosomes (F ig .  60) occur 
along the l a t e r a l  boundary.
The region of the cytoplasm below the terminal web (F igs .  57 ,  58) 
has a f i n e  s t ru c tu re  s im i l a r  to that  o f  mammalian absorpt ive  c e l ls  
(Toner, 1968) . The numerous mitochondria in th is  region r e f l e c t  the 
energy requirements for  t ransport  of  food m ater ia ls  (Por ter  and 
B onnev i l le ,  1968).
S tructures  which have not been found in the mammalian in t e s t in a l  
absorpt ive  c e l l ,  but were found by Yamamoto (1966) in those of  the  
g o ld f is h  and rainbow t r o u t ,  are the s in g le  lam e l la r  s t ru c tu res  (F igs .
57, 60, 6 2 ) .  Yamamoto (1966) suggested tha t  these lam e l la r  s t ruc tu res  
may be involved in the t ransport  of water or n u t r i e n ts ,  or both.  He 
bases th is  on the s i m i l a r i t y  o f  these s tructures  to the basal in fo ld ings  
of the c e l l s  o f  the convoluted tubule o f  the kidney (Pease, 1956).
The goblet  c e l ls  of  the in te s t in e  of  C. ranga have e s s e n t i a l l y  the 
same f i n e  s t ru c tu re  as both the u n ic e l lu l a r  mucous glands of  the 
esophagus and those of  the in te s t in a l  ep i the l ium  of  mammals (Hollman, 
1963; Freeman, 1966; Toner, 1968). Since most of these features  have 
been d e a l t  w i th  thoroughly in the discussion of  the esophageal mucous 
c e l l ,  I w i l l  not i t e r a t e .  One fe a tu re  of  the in t e s t in a l  goblet  c e l l ,  
however, does bear d iscussion,  and th is  is the organized in terna l  
s t r u c tu r e  o f  the mucinogen granules (F ig .  6 1 ) .  The mucinogen granules  
o f  the esophageal mucous c e l l s  and of the goblet  c e l l s  of  the hindgut  
do not e x h ib i t  such a s t ru c tu re  nor, apparent ly ,  do those of  the goblet  
c e l l s  o f  the mammalian in t e s t in e .  Freeman (1966) re fe rs  to a f i b r i l l a r  
component in the mucinogen granules o f  goblet c e l l s  from the human 
je junum, but he does not describe an organized p a t te rn .  Whether the  
d i s t i n c t i v e  organized s t ru c tu re  of the mucinogen granules o f  the upper 
in t e s t in e  has any real s ig n i f ic a n c e  is not known.
The granulocytes (F ig .  62) which are present throughout the  
a l im entary  t r a c t ,  w i th  the exception o f  the esophagus, do not have a 
f i n e  s t ru c tu re  which gives any d e f i n i t i v e  information concerning t h e i r  
s p e c i f i c  id e n t i t y  and func t ion .  Numerous granules are  present in the .
cytoplasm as they are  in granular  leucocytes. The granules most near ly
resemble those o f  n e u t ro p h i ls .  Weinreb (196*0 found that  the granules  
of the eosinophi ls  of  Carassius auratus have a very d i s t i n c t i v e  angular  
and c r y s t a l l i n e  appearance, and the granules of the basophils o f  the 
same f i s h  are  much la rger  than those of  the granular  c e l l s  in £ .  ranga. 
However, although the granules o f  the granulocytes resemble those o f
n e u t ro p h i ls ,  the nuclear morphology does not.  The neutrophi ls  o f
te le o s ts  have a lobulated nucleus s im i la r  to tha t  Of the mammalian 
neutrophi l  (P a t t  and P a t t ,  1969).
The lymphocytes (F ig .  70) which are found in the e p i th e l ium  do have
a s t ru c tu re  very s im i l a r  to  tha t  of mammalian lymphocytes. According to  
Patt  and p a t t  (1969) ,  the lymphocytes of a l l  ver tebrates  are very  
s i m i l a r ,  both s t r u c t u r a l l y  and f u n c t i o n a l l y .  The cytoplasm is scanty  
and may conta in  a few small granules, but there are  no large granules  
such as are  found in granular leucocytes (Low and Freeman, 1958). The
nucleus is t y p i c a l l y  indented as i t  is in the lymphocytes o f  C. ranga
(F ig .  7 0 ) ,  and the Golgi complex and c e n tr io le s  are located in the 
cytoplasm in th is  indentat ion ( i b i d . ) .
Colon
The co lon ic  columnar absorbing c e l l  (F ig .  70) has several fea tu res  
which d is t in g u is h  i t  from the columnar absorbing c e l l s  o f  the midgut,  
and most o f  these features  are s im i la r  to those noted by Yamamoto (1966) 
in the p o s te r io r  port ion  of  the midgut o f 'Carassius a u ra tu s . The
shorter  and less regu la r  m ic ro v i l lo u s  border (F ig .  7 1 ) ,  dense bundles o f  
tonofi laments (F ig .  71)*  increased evidence o f  micropinocytosis (F igs .  
70, 7 1 ) ,  and decreased number o f  mitochondria  in the apical cytoplasm 
(F ig .  70) are  fea tu res  common to these c e l l s  in JC. ranga and in 
Carassius auratus (Yamamoto, 1966).
S ing le  la m e l la r  s t ru c tu res  occur in the c e l l s  o f  the colon (F ig .
70) as they do in the midgut. These are s im i l a r  to those which are  
present in the a n t e r io r  and p o s te r io r  port ions of the midgut of  
Carassius auratus ( i b i d . ) . The s p e c i f ic  funct ion  of these s tructures  in 
the co lon ic  e p i th e l ium  is ,  as in the midgut ep i th e l ium ,  not known. 
However, any m o d i f ic a t io n  which seems to increase the surface area o f  
the c e l l  f a c i l i t a t e s  the exchange of  m a te r ia ls  across the c e l l  sur face .  
Thus, th is  is another in d ic a t io n  tha t  the colon is involved in absorp­
t io n .
The numerous p in o c y to t ic  ves ic les  (F ig s .  70, 71) which are present  
at the f r e e -s u r fa c e  and in the apica l  cytoplasm c e r t a in ly  ind icate  
a c t iv e  uptake o f  m a te r ia ls  from the lumen. Yamamoto (1966) found tha t  
the p in o c y to t ic  ve s ic le s  in Carassius auratus are o f  the coated v a r i e t y  
and are  s i m i l a r  to those which Roth and Porter  (1964) found to be 
involved in p ro te in  uptake in mosquito oocytes. The vesic les  in
ranga (F ig .  71) have ra th er  th ic k  and e le c t ro n  dense membranes, but 
they do not appear to d i f f e r  g r e a t ly  from the membranes of the micro­
v i l l i  and are  probably the uncoated v a r i e t y .
In connection w i th  the presence of such v e s ic le s ,  Yamamoto (1966) 
proposed th a t  th is  region of the gut in the go ld f ish  might be involved 
in the uptake o f  p r o te in .  In support o f  th is  he c i te d  the previously  
mentioned f ind ings  o f  A i-Hussaini  (19^9) and Sarbahi (1951) which
revealed a grea ter  concentra t ion  of  p r o t e o l y t i c  enzymes in the p o s te r io r  
in te s t in e  o f  c y p r in id s .
In contras t  to the f i n e  s t ru c tu ra l  d i f fe rences  between the 
ep ithe l ium  of a n t e r io r  and p o s te r io r  port ions of the midgut in Carassius 
a ura tus , the rainbow t r o u t  in t e s t in e  e x h ib i ts  no v a r i a t i o n  in f in e  
s t ru c tu re  throughout i t s  length (Yamamoto, 1966,). Yamamoto (1966) 
suggested tha t  the presence o f  a stomach in the t ro u t  and the absence of  
a stomach in the g o ld f is h  might be re la te d  to the d i f fe re nc e s  found in 
the in t e s t in e .  In the absence of  a stomach in which pept ic  d igest ion  
takes p lace ,  the p o s te r io r  p o r t ion  o f  the in te s t in e  might funct ion  in 
prote in  d ig e s t io n  ( i b i d . ) . I f  the proposal of  Yamamoto (1966) is 
c o r r e c t ,  i t  is in complete accord w i th  my f indings in C. ranga.
Although £ .  ranga has a stomach which apparent ly  produces hydrochlor ic  
a c id ,  the production o f  pepsin is apparent ly  lack ing .  Thus the d i f f e r ­
e n t ia t io n  found in parts  o f  the in t e s t in e  o f  the two f ishes  might be 
related, to the absence o f  g a s t r ic  pepsin. According to the f ind ings of  
Yamamoto (19 66 ) ,  the s p e c ia l iz e d  region is the po s te r io r  po r t ion  of the 
midgut whereas I have found th is  to be the a n te r io r  region of  the hind-  
gut .  However, s ince there  is no gross demarcation or va lve  between the 
midgut and hindgut o f  the g o ld f is h  (McVay and Kaan, 19^0), the po s te r io r  
midgut of  the g o ld f is h  may be equ iva len t  to the colon of  £ .  ranga. 
Possibly th is  is a matter  o f  decid ing where the ju n c t io n  between the  
midgut and the hindgut o f  the g o ld f is h  is located.
Whether a c o r r e l a t i o n  between the absence of  g a s t r ic  pepsin and 
the d i f fe re n c e s  found in the in t e s t in a l  e p i the l ium  a c tu a l ly  e x is ts  is 
a question which w i l l  r e q u i re  f u r t h e r  in v e s t ig a t io n s .  Further in v e s t i ­
gations are a lso  necessary to determine the involvement o f  the p o s te r io r
i n te s t in e  and/or hindgut in p ro te in  uptake. The f in e  s t ru c tu re  of  the  
c e l ls  in _C. ranga and Carassius auratus indicates a large amount o f  
p in o c y to t ic  a c t i v i t y ,  but i t  does not reveal the nature of the p ino-  
cy t ized  m a t e r i a l .
One fe a tu re  o f  the co lon ic  absorbing c e l ls  o f  C. ranga which is not 
found in Carassius auratus is the large number o f  lysosomes in the 
apica l  cytoplasm (F igs .  70, 72) .  These s tructures  e x h ib i t  the p leo -  
morphism which is c h a r a c t e r i s t i c  o f  lysosomes, varying from small dense 
membrane bound s t ru c tu re s  to  the very large s tructures  w i th  myel in  
c o n f ig u ra t io n s .  Myelin f ig ures  are usual ly  associated w i th  the  
degeneration o f  membranous components o f  c e l l s  (Freeman, 196^). Whether 
i t  is normal fo r  the co lon ic  e p i the l ium  to contain  such large numbers of  
these s t ru c tu re s  has not been speculated on before ,  and I cannot in s i s t  
tha t  the concentra t ion  of th is  organoid is a v a l id  method of  recogniz ing  
the colon. They are  present in the m a jo r i ty  o f  the c e l ls  of the co lon ic  
e p i th e l  ium i.n the specimens o f  £ .  ranga examined w i th  the e le c t ro n  
microscope, and I b e l ie v e  I could r e l i a b l y  id e n t i f y  th is  area based on 
the presence o f  lysosomes. C la rk  (1959) found tha t  the a b i l i t y  o f  the 
i n t e s t in a l  c e l l s  o f  suck l ing ra ts  to ingest p ro te in  and c o l lo id s  is 
c o r re la te d  w i th  the presence o f  membranous inclusions s im i la r  to the  
la rge  myel in c on f igura t ion s  of  the colonic  ep ithe l ium  of  C. ranga. This  
ind icates  a p o s s i b i l i t y  o f  a c o r r e la t io n  between these s truc tures  and 
the p in o c y to t ic  uptake seen in the present study. However, more 
in formation is necessary before any d e f i n i t e  statement can be made.
Rectum and Anus
The e p i th e l iu m  of  the rectum (F ig .  77) d i f f e r s  considerably  from 
that  of  the colon.  M i c r o v i l l i  in the rectum are  very stubby and
i r r e g u l a r ,  and p in o c y to t ic  vesic les are much less numerous (F igs .  77,  
78) .  The f in e  s t r u c tu r e  supports the content ion that  th is  region is 
p r im a r i ly  concerned w i th  the f in a l  expulsion of  feces.
The s t r a t i f i e d  squamous ep ithe l ium  a t  the anal ju n c t io n  (F igs .  8 l , 
82, 83) e x h ib i ts  f i n e  s t ru c tu re  s im i la r  to  the ep i the l ium  of the  
esophagus. True k e r a t i n i z a t i o n  is not apparent, but the tonofi laments  
which are  thought to  be composed of  the f ib ro us  p ro te in  k era t in  in i t s  
less h igh ly  crossl inked form (Hay, 1966) are  present in greater  numbers 
in the surface  squamous c e l l s .  The degeneration o f  the nuclear membrane 
(F ig .  83) which is apparent here and in the esophagus is an in d ic a t io n  
tha t  these c e l l s  are  moribund and w i l l  be desquamated and replaced.
SUMMARY
ranga has a r e l a t i v e l y  short  d ig e s t iv e  t r a c t  as is c h a r a c te r is ­
t i c  o f  carnivorous f is h e s .  The gut is a s imple, tubular  s trucure  whose 
diameter va r ies  only  s l i g h t l y  throughout i t s  length. The d iv is io n s  
which are  present are  as fo l low s:  a sh o r t ,  muscular esophagus; a
stomach, w i th  the same dimensions as the esophagus, consis t ing  of  
card iac  and p y lo r i c  po r t io n s ;  an upper in t e s t in e ,  or midgut, which 
comprises the g re a tes t  p o r t ion  o f  the t r a c t ;  and a hindgut composed of  
an a n te r io r  colon and a p o s te r io r  rectum. S l ig h t  external  c o n s tr ic t io n s  
sometimes in d ic a te  the pos i t ions  of  the p y lo r i c  and in t e s t i n o - c o l i c  
valves,  but the ju n c t io n s  between other d iv is io n s  are marked only by 
changes in the e p i th e l iu m  and muscle.
The fo l lo w in g  tunics are present throughout the t r a c t :  a tunica
mucosa .composed o f  an e p i th e l iu m ,  a basal lamina, and a lamina p ro p r ia ;  
a tunica muscularis  (muscular is e x terna ) ;  and a tunica serosa or 
a d v e n t i t i a .
The e p i th e l iu m  of  the esophagus undergoes a gradual t r a n s i t i o n  from 
a mixture o f  s t r a t i f i e d  columnar or cuboidal and p s e u d o stra t i f ie d  
ep ithe l ium  in the a n t e r io r  region to a mixture  of  p s e u d o s tra t i f ie d  and 
simple columnar near the  esophagea l-gastr ic  ju n c t io n .  Tastebuds are  
present in the e p i th e l iu m  o f  the a n te r io r  esophagus. Saccular u n i c e l l u ­
la r  mucous glands are  very numerous throughout the esophageal e p i th e l iu m ,  
and these produce an acid mucopolysaccharide se cre t ion .  Their  f i n e  
s tru c tu re  is s im i l a r  to  th a t  of  other u n ic e l lu l a r  mucous glands.
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The nonsecretory c e l l s  o f  the esophageal ep i th e l ium  are of two 
types: l i g h t  c e l l s  and dark c e l l s .  The dark c e l l s  are confined to the
f r e e  sur face  o f  the ep i the l ium  and are  d i f f e r e n t  from the basal l i g h t  
c e l ls  in th a t  tonof ilaments are present in much grea ter  concentrat ions  
and th a t  the nuclear membrane has undergone degeneration. The tono-  
f i lam ents  in the dark c e l l s  r e ta in  t h e i r  i r r e g u la r  arrangement and do 
not form p a r a l l e l  bundles as they do in t rue  k e r a t in .  Keratohyal in  
granules a re  not present .
A v a r i a n t  type of nonsecretory ep i the l ium  was found in the  
esophagus o f  one specimen. This ep i the l ium  e x h ib i ts  no d i f f e r e n t i a t i o n  
between basal and surface c e l l s .  A l l  of  'the c e l l s  conta in  dense 
spher ica l  aggregations of tonof i lam ents .  The surface c e l l s  have a 
f i lamentous g lycoprote in  surface coat which is not present in the usual 
esophageal e p i th e l iu m .  The s ig n i f ic a n c e  o f  th is  v a r i a t i o n  is not known.
The e p i th e l iu m  rests on a typ ica l  basal lamina which is not v i s i b l e  
a t  the  l i g h t  microscope le v e l .  Adjacent to th is  is an a re o la r  connec­
t i v e  t is s u e ,  the lamina p ro p r ia .  Fine collagenous f i b e r s ,  f ib r o c y te s ,  
macrophages, nonmyelinated nerves, and blood vessels are present .  One 
o f  the  macrophage types which occurs here has a ra th e r  unusual appear­
ance, and th e re  is no record in the l i t e r a t u r e  of  a macrophage w i th  a 
s i m i l a r  f i n e  s t r u c tu r a l  appearance.
The muscularis  externa o f  the esophagus consists o f  th ic k  d o rs a l ly  
and v e n t r a l l y  located inner long i tud ina l  bundles and an outer  c i r c u l a r  
l a y e r .  S t r i a t e d  muscle is predominant in the long i tu d in a l  muscle o f  the 
upper esophagus and is gradual ly  replaced p o s te r io r ly  by smooth muscle. 
The outer  c i r c u l a r  layer is composed e n t i r e l y  o f  s t r i a t e d  muscle 
throughout the length o f  the esophagus. The f in e  s t ru c tu re  o f  both the
smooth and s t r i a t e d  f ib e r s  is comparable to th a t  o f  other v e r te b r a te  
muscle.
A th in  serosa conta in ing f i n e  collagenous f i b e r s ,  f ib r o c y t e s ,  blood 
vesse ls ,  nerves, and nerve c e l l s  and covered by a simple layer  o f  f l a t  
m esothel ia l  c e l l s  surrounds the esophagus.
There is n e i th e r  sphincter  nor va lve  at  the esophagea l-gastr ic  
j u n c t io n .  The ep i th e l ium  changes abrupt ly  from the p s e u d o s t ra t i f ie d  and 
simple  columnar e p i th e l ium  w ith  u n i c e l l u l a r  mucous glands to the mucous 
e p i th e l iu m  of  the stomach. The inner long i tu d in a l  muscle bundles change 
to a complete ly  smooth muscle composition, and an outer layer  o f  smooth 
muscle appears a t  the dorsal and v e n t ra l  surfaces.
The sur face  ep i the l ium  of  both the card iac  and p y lo r ic  regions o f
the stomach is composed o f  mucous s e cre t ing  c e l ls  which are s im i l a r  to
those o f  mammals. They produce a neutra l  mucopolysaccharide which is
secreted in a merocrine fash ion .  The mucosa of the p y lo r ic  stomach is
d is t in g u is h e d  by the presence of  simple  saccular or a lv e o la r  glands.  
These glands are  composed of  only one c e l l  type, and there are  no neck 
mucous c e l l s .  The f in e  s t ru c tu re  o f  the gland c e l l s  s t ro ng ly  indicates  
th a t  they fu n c t io n  in the secre t ion  o f  h y d ro c h lo r ic .a c id .  There is no 
evidence, however, of  the production o f  pepsinogen.
Other c e l l s  which are  found among the e p i t h e l i a l  c e l l s  o f  the  
g a s t r ic  mucosa and of  the mucosa o f  subsequent d iv is io n s  are the 
granulocytes and lymphocytes. The granulocytes cannot be s p e c i f i c a l l y  
i d e n t i f i e d .  The f in e  s t r u c tu r a l  appearance o f  the granules resembles 
th a t  o f  neutroph i l  granules, but the nuclear morphology is d i f f e r e n t .
In a d d i t io n  to a basal lamina, a r e t i c u l a r  lamina is sometimes 
present in the stomach. The lamina propr ia  adjacent to th is  contains a
greater  dens ity  o f  both c e l l s  and f ib e r s  than is found in the esophagus. 
Granulocytes s i m i l a r  to those found in the ep i the l ium  are a lso  present .
The muscularis  externa in the card iac  stomach consists of inner and 
outer lo n g i tu d in a l  bundles of smooth muscle, located in dorsal and 
ventra l  p o s i t io n s ,  and a .middle  c i r c u l a r  layer o f  s t r i a t e d  muscle. The 
long i tu d in a l  muscle bundles gradua l ly  spread around the gut wall  and 
form incomplete layers in the p y lo r ic  stomach. At the ju n c t io n  w i th  the  
py lo r ic  stomach the s t r i a t e d  muscle of the middle c i r c u la r  layer  is 
abrupt ly  replaced by smooth muscle. In between the muscle layers is a 
nerve p lexus. A serosa s im i l a r  to tha t  of  the esophagus is presen t .
The ju n c t io n  o f  the p y lo r ic  stomach and the midgut is marked by a
p y lo r ic  va lve  and a weak sp h in c te r .  The ep ithel ium  of the midgut is
composed of  ty p ic a l  columnar absorpt ive  c e l ls  and goblet c e l l s .  The 
s t ru c tu re  o f  the absorpt ive  c e l l s  is s im i la r  to those in the in te s t in e  
of other animals . In fo lded port ions o f  the plasmalemma, the s in g le  
lam el lar  s t ru c tu re s ,  c o n s t i t u te  the only  unusual fea tu re  o f  these c e l l s .  
The goblet  c e l l s  produce an acid mucopolysaccharide secre t ion  and are  
comparable to the in t e s t in a l  goblet  c e l l s  o f  mammals.
The lamina p ro p r ia  and serosa of  the. midgut are s im i la r  to those of  
the stomach. However, the muscularis externa is composed of only two 
layers ,  an inner c i r c u l a r  and outer lo ng i tud ina l  layer o f  smooth muscle.
. The ju n c t io n  of the midgut and colon is marked by the in t e s t in o -
c o l i c  v a lv e .  The e p i t h e l i a l  c e l l s  po s te r io r  to th is  valve r e ta in  the
c h a r a c te r is t ic s  o f  absorbing c e l l s  but have a much more vacuolated  
appearance than those of the midgut. There is evidence of increased 
p in o c y to t ic  a c t i v i t y ,  and large lysosomes, some of  which contain  myel in  
c o n f ig u ra t io n s ,  are  conspicuous in the apica l  cytoplasm.
In the  upper rectum, the columnar c e l ls  are shorter  than those, of  
the colon, have very stubby and i r r e g u la r  m i c r o v i l l i ,  and do not have a 
vacuolated appearance. Goblet c e l ls  decrease in number p o s t e r io r ly  and 
are absent a t  the recto-anal  ju n c t io n .  At the same t ime, the e p i the l ium  
undergoes a t r a n s i t i o n  to a s t r a t i f i e d  squamous c o n d i t io n .  The c e l l s  of  
th is  s t r a t i f i e d  ep i th e l ium  e x h ib i t  the same evi.dence of p a r t i a l  
k e r a t i n i z a t i o n  as is seen in the esophagus.
The lamina p ro p r ia ,  muscularis ex terna ,  and serosa o f  the hindgut  
are  s im i la r  to those of  the upper in te s t in e .  However, the muscular coat  
increases in thickness in the rectum, and only a s l i g h t l y  thickened  
c i r c u l a r  layer  is present a t  the recto -anal  ju n c t io n .  The most p o s t e r i ­
or po r t ion  of the rectum is surrounded by an a d v e n t i t i a .
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F ig .  1. A l imentary  t r a c t  in s i t u . Hematoxylin. X4 .1^ .
E -  Esophagus
S -  Stomach
Mid -  Midgut
C -  Colon
R -  Rectum
The stomach is p a r t i a l l y  obscured by the dorsal port ion  
o f  the in t e s t in a l  loop.

F ig .  2 . Upper esophagus showing the tun ic s ,  c .s .  H. and E. 
Xl*fO.
Ep -  Epi thelium
MC -  Mucous c e l l s
LP -  Lamina propria
LM -  Longitudinal muscle (mixed)
CM -  C i rc u la r  muscle ( s t r i a t e d )
Se -  Serosa
Mes -  Mesentery
1V les
F i g .  3 .  S t r a t i f i e d  c o lum na r  e p i t h e l i u m  and la m in a  p r o p r i a  o f
u p p e r  es oph ag us ,  c . s .  H. and E. X 1 2 7 0 .
BC -  Basal cel 1
CC -  Columnar c e l l
MC -  Mucous c e l l
Tb -  Tastebud
CF -  Collagenous f ib e rs
F -  F ibrocyte
Ca -  Capi1la ry

F ig .  4 .  Lower esophagus near the esophageal-gastr ie  ju n c t io n ,  
c . s .  H. and E. X140.
Ep -  Epithel ium
MC -  Mucous c e l l
LP -  Lamina propr ia
LM -  Longitudinal  muscle (mixed)
CM -  C i r c u la r  muscle ( s t r i a t e d )
Se -  Serosa
Mes -  Mesentery
Li -  L ive r

F i g .  5 .  S i m p l e  e p i t h e l i u m  and la m in a  p r o p r i a  o f  lo w e r  es ophagus ,
c . s .  H. and E. X 8 5 0 .
MC -  Mucous cel 1 
CC -  Columnar c e l l  
SM -  Smooth muscle 
CF -  Collagenous f ib e rs  
F •- F ibrocyte  
Ca -  Capi1la ry

Epi thel ium of  the esophagus. X2900.
LC -  L ight  cel 1
DC -  Dark cel 1
NE -  Nuclear envelope
NE1 -  Degeneration o f  nuclear envelope
MG -  Mucinogen granules
Mi -  Mitochondrion
T f -  Tonofilaments
D -  Desmosome
BL -  Basal lamina
LP -  Lamina propr ia
Note the absence of  membranes around the mucinogen 
granules which are being extruded in to  the lumen.
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Fig .  7* Dark surface c e l ls  of  esophageal e p i th e l iu m .  
N -  Nucleus
NE' -  Degeneration of  nuclear envelope 
Mi -  Mitochondrion 
Ri -  Ribosomes 
Tf -  Tonofilaments 
ZO -  Zonula occludens
X 2 1 , 0 0 0 .

F ig .  8 .  Epi thel ium of  the esophagus showing d i s t i n c t l y  d i f f e r e n t  
fea tu res  from th a t  in Figs. 6 and 7. X^500.
NE -  Nuclear envelope 
Tf  -  Tonofilaments
T f 1 -  Dense aggregations of  tonofilaments  
Mi -  Mitochondrion  
MG -  Mucinogen granules  
BL -  Basal lamina 
LP -  Lamina propria

Fig .  9 .  Surface o f  esophageal e p i th e l iu m .  X l6 ,9 0 0 .  
Fu -  G lycoprote in  surface coat (Fuzz)
T f  -  T o n o f i1 aments
T f '  -  Dense aggregat ions of  tonofilaments  
Ri -  Ribosomes
Ser, -  Smooth endoplasmic ret iculum  
Ml -  Mitochondrion

Fig. 10. U n ic e l l u la r  mucous gland of  the esophageal e p i the l ium .  
X20.300.
N - Nucleus
NE - Nuclear envelope
RER - Rough endoplasmic ret iculum
Go - Golgi
Mi - Mi tochondr ion
L • - Lysosome
MG - Mucinogen granule
Tf - Tonofilaments
D Desmosome

IF ig .  11. U n ic e l lu la r  mucous gland of  the esophagus. X*+0,000.
N -  Nucleus
PC -  Per inuc lear  c is te rn a
N-R -  C ont inu i ty  o f  nuclear envelope and rough 
endoplasmic re t icu lum  
RER -  Rough endoplasmic ret iculum  
Ri -  Ribosome
P -  Prote in
Ci -  C isternae o f  Golgi complex
V -  Vesic les
Mi -  Mitochondrion
Cr -  C r is ta
L -  Lysosome
MG -  Mucinogen granule
D -  Desmosome
arrow -  region o f  apparent fus ion o f  nuclear membrane 
with  the membrane of  a mucinogen granule

Fig .  12. Basal port ion  o f  ep ithe l ium  and lamina propr ia  of  
esophagus; c .s .  X31,000.
MG -  Mucinogen granules 
D -  Desmosome 
HD -  H a l f  desmosome
BM -  Basal membrane of  e p i t h e l i a l  c e l l  
BL -  Basal lamina 
Co -  Collagen
Note the fi lamentous appearance o f  the mucinogen.

■ ,/v
Fig .  13. Lamina propr ia  o f  the esophagus. X7025. 
Inse t ;  c o l lagen .  X10,000.
Co -  Collagen
F -  F ibrocyte
MaCj -  Macrophage type 1
Mac2 -  Macrophage type 2
NF -  Nerve f ib e r s
En -  Endothel ia l  cel 1
Lu -  C ap i1la ry  1umen
L -  Lysosome
Ph -  Phagosome
IB -  Inc lus ion  body
Mi -  Mitochondrion
Pi -  P in ocy to t ic  vesic les
BL -  Basal lamina
Ep -  Epi th e l i  urn
The arrow in the inset indicates  the cross s t r i a t i o n s  
of  the collagen f i b r i l s .

Fig .  14. Lamina propr ia  of  the esophagus. X21,000.  
F -  F ibrocyte  
NP -  Nuclear pore 
PC -  Per inuc lear  c is te rn a  
Ri -  Ribosomes 
Co -  Collagen

Fig .  15. Lamina p rop r ia  o f  the esophagus. X21,000.  
MaCj -  Macrophage type 1 
MaCg -  Macrophage type 2 
L -  Lysosome
Ri -  Ribosome
RER -  Rough endoplasmic reticulum  
Mi -  Mitochondrion
Ph -  Phagosome conta in ing  inclusion body
F -  F ibrocyte
Co -  Collagen
Ca -  Capi1la ry

Lamina propr ia  o f  the esophagus. X6900.
Ar - Lumen o f  a r t e r i o l e
En - Endothe l ia l  c e l l
SM - Smooth muscle
Pi - P in o c y to t ic  v e s ic le
D - Desmosome
BL - Basal lamina
EL - External lamina
F - Fibrocyte
Co - Collagen
MaCj - Macrophage type 1
Mac2 - Macrophage type 2
IB - Inc lus ion body
NF mm Nerve f ib e r s

F i g .  1 7 .  P o r t i o n  o f  t h e  w a l l  o f  an a r t e r i o l e .
Lu — Lumen
SM - Smooth muscle
En - Endothe l ia l  cel 1
Pi - P in ocy to t ic  v e s ic le
Ri - Ribosomes
RER - Rough endoplasmic ret iculum
Tf - Tonof i laments
Mf - Myof i 1 aments
TJ - T ig h t  ju n c t io n
BL - Basal lamina
EL _ External lamina
X 5 2 . 5 0 0 .

Fig .  18. Nonmyelinated nerves in the lamina p rop r ia  o f  the  
esophagus. X21,000.
N -  Nucleus 
SC -  Schwann cel 1
v
NF -  Nerve f ib e r s  
V -  Vesic les  
L -  Lysosome 
Mi -  Mitochondrion
The arrows in d ic a te  the mesaxon.
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Fig .  19- Muscularis ex terna  and serosa o f  the upper esophagus, 
c . s .  H. and E. X85O.
LM -  Longitudinal  muscle (mixed)
CM -  C i r c u la r  muscle ( s t r i a t e d )
St -  S t r i a t e d  muscle 
SM -  Smooth muscle 
Epi -  Epimysium 
Pe -  Perimysium
f
F -  F ibrocyte
CF -  Collagenous f ib e r s
Me -  Mesothelium

■ » • /
Fig .  20 .  Longitudinal  muscle bundle of upper esophagus, c . s .  
H. and E. X1260.
St . -  S t r i a t e d  muscle 
SL -  Sarcolemma 
Myf -  M y o f ib r i Is  
NM -  Nucleus o f  muscle 
SM -  Smooth muscle 
Pe -  Perimysium
F ig .  21 .  Muscular is externa and serosa of upper esophagus, c . s .  
H. and E. X1260.
St -  S t r i a t e d  muscle 
SM -  Smooth muscle 
Me -  M esothe l ia l  c e l l  
NM -  Nucleus, o f  muscle 
Pe -  Perimysium

144
Fig .  22 .  Longitudinal muscle bundle o f  the lower esophagus, c . s .  
H. and E. X85O.
SM -  Smooth muscle 
St -  S t r ia te d  muscle 
NM -  Nucleus of muscle 
Myf -  M y o f ib r i Is
F ig .  23 .  Lower esophagus, c .s .  H. and E. X85O.
St -  S t r ia te d  muscle
Ve -  Venule
F -  Fibrocyte
CF -  Collagenous f ib e rs
Me -  Mesothelium
Mes -  Mesentery
NM -  Nucleus of  muscle
The A band, | band, and Z l i n e  are v i s i b l e  in the 
s t r i a t e d  muscle f i b e r s .

• V
F ig .  2k.  S t r i a t e d  muscle o f  the esophagus, l . s .  X5200. 
N -  Nucleus 
Sp -  Sarcoplasm 
SR -  Sarcoplasmic re t icu lum  
SI -  Sarcolemma 
Mi -  Mitochondria  
A -  A band 
Z -  Z 1ine
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Fig .  25. S t r i a t e d  muscle o f  the esophagus, l . s .  X30,500.  
N -  Nucleus 
Mi -  Mitochondria  
SR -  Sarcoplasmic reticulum  
A -  A band 
Z -  Z l in e  
  M -  M 1i ne

■ «+/
F ig .  26. S t r i a t e d  muscle o f  the esophagus. I . s .  X20,000.  
A -  A band
I -  I band
Z -  Z l in e
H -  H area
SR -  Sarcoplasmic re t icu lum  
T -  Transverse tubule  
G1 -  Glycogen

Longitudinal muscle o f  upper esophagus, c . s .  X7025.
SM -  Smooth muscle
St -  S t r ia te d  muscle
N -  Nucleus
Mi -  Mitochondria
Myf -  M y o f ib r i Is
SR -  Sarcoplasmic reticulum
G1 -  Glycogen
SI -  Sarcolemma
IK!m i
F ig .  28. Longitudinal muscle o f  lower esophagus, c . s .  X7025. 
SM -  Smooth muscle 
St -  S t r i a t e d  muscle 
N -  Nucleus 
Nu -  Nucleolus  
Go -  Golgi complex 
Mi -  Mitochondria  
Myf -  Myof i b r i 1 
SR -  Sarcoplasmic reticu lum  
Gl -  Glycogen 
SI -  Sarcolemma 
NF -  Nerve f ib e rs  
End -  Endomysium

ipu
F ig .  29. Longitudinal  s t r i a t e d  muscle of  the esophagus, c .s .  
X58,900.
SI -  Sarcolemma
SR -  Sarcoplasmic reticulum
A -  Act in
My -  Myosin
Myfj -  M y o f ib r i l  sectioned through the H area
Myf2 “ M y o f ib r i l  sectioned through the A band
EL -  External  lamina
Note the arms on the myosin f i lam ents  in Myfj and the 
hexagonal a r ra y  o f  act in f i laments  around the myosin 
f i lam ents  in Myf2 *

Fig .  30. Serosa o f  the esophagus. X6000.
Mes - Mesothel ia l  c e l l
Pi - P in o c y to t ic  vesic les
BL - Basal lamina
Co - Collagen
F - Fibrocyte
Neu - Neuron
N - Nucleus
Nu - Nucleolus
ER - Endoplasmic'ret iculum
Go - Golgi
Mi - Mi tochondr ion
L - Lysosome
Sat - S a t e l 1i t e  cel 1
NF - Nerve f ib e r
Mye - Myeli n

Fig .  31. Esophageal -gastr ic  ju n c t io n ,  l . s .  H. and E. X5^0. 
GE -  G a s t r ic  e p i th e l ium  
EE -  Esophageal ep i th e l ium
Fig .  32 .  Esophageal -gastr ic  ju n c t io n ,  l . s .  H. and E. X360. 
E -  Esophagus 
S -  Stomach 
SM -  Smooth muscle 
St -  S t r i a t e d  muscle 
LM -  Longitudinal  muscle 
CM -  C i r c u la r  muscle
F ig .  33. Esophageal -gastr ic  ju n c t io n ,  l . s .  H. and E. X360.
ILM -  Inner lo n g i tu d in a l  muscle
CM -  C i r c u la r  muscle
OLM -  Outer lo n g i tu d in a l  muscle
Ob -  Oblique muscle coursing from inner lo ng i tud ina l
*
muscle to the outer  lo n g i tu d in a l  muscle
3 0
F ig .  3^.  Cardiac stomach, c . s .  Azan. X210.
t
Ep -  Epithe!ium  
LP -  Lamina p rop r ia
ILM -  Inner lo ng i tu d in a l  muscle (smooth) 
CM -  C i r c u la r  muscle ( s t r i a te d )
OLM -  Outer lo ng i tu d in a l  muscle (smooth) 
Se -  Serosa 
Li -  L iver
7
Fig .  35. Surface ep i the l ium  of the card iac  stomach, c . s .  H. and 
E. X I 270.
SMC -  Surface mucous c e l l  
Grc -  Granulocyte
N -  Nucleus
Nu -  Nucleolus
CF -  Collagenous f ib ers
LP -  Lamina propria
S M C
Fig .  36. Surface mucous c e l l s  o f  the card iac  stomach. X8330 
N -  Nucleus
Nu -  Nucleolus
Mi -  Mitochondria
RER -  Rough endoplasmic re t icu lum  
Go -  Golgi complex 
MG -  Mucinogen granules  
Tf  -  Tonofilaments  
Mv -  M ic r o v i1lus
In t  -  I n t e r d i g i t a t i o n  o f  l a t e r a l  surfaces
D -  Desmosome
BL -  Basal lamina
RL -  R e t ic u la r  lamina
F -  F ibrocyte
Co -  Collagen

F ig .  37. Free surface of the surface mucous c e l ls  of  the g a s t r ic  
mucosa. X22,000.
AM -  Antennulae m ic r o v i1 lares
MV -  M ic r o v i11i
MG -  Mucinogen granule
ZO -  Zonula occludens
ZA -  Zonula adhaerens
MA -  Macula adhaerens (desmosome)
D -  Desmosome

Fig .  38. P y lo r ic  stomach, c . s .  H. and E. X360.
Ep -  Epithelium  
GG -  Gastr ic  gland 
Mu -  Muscle 
Se -  Serosa
The inner and outer  lo n g i tu d in a l  muscles are r e l a t i v e l y  
t h in  and are not apparent a t  th is  m agnif ica t ion .
kVV* •
IFig .  39. Mucosa of  the p y lo r i c  stomach, c . s .  H. and E 
SMC -  Surface mucous c e l l s  
GG -  Gastr ic  gland 
LP -  Lamina p ro p r ia  
Ly -  Lymphocyte
F -  F ibrocyte
CF -  Collagenous f ib e r s
Ca -  Capi1la ry
X560.

• I p ?
F ig .  40 .  Mucosa of  the p y lo r ic  stomach, c .s .  H. and E. X1270. 
SMC -  Surface mucous cel 1 
G1C -  Gland cel 1 
Gr -  Granules 
N -  Nucleus 
Lu -  Lumen

Mucosa of  the p y lo r ic  stomach. X2560.
Lu - Lumen
SMC - Surface mucous c e l l
G1C - Gland cel 1
Go - Golgi
MG - Mucinogen granule
Mi - Mitochondria
In t - I n t e r d i g i t a t i o n  o f  l a t e r a l  su
BL - Basal lamina
F - F ib rocyte
Co - Collagen
En - Endothe l ia l  c e l l  o f  c a p i l l a r y
Ly - Lymphocyte
NF _ Nerve f ib e r s

F ig .  42 .  Gas tr ic  gland. X3300.
Lu -  Lumen of  gland 
In -  Surface invag inat ion  
V -  Smooth surfaced v e s ic le s
Mi -  Mitochondrion
N -  Nucleus
Nu -  Nucleolus
In t  -  I n t e r d i g i t a t i o n  o f  l a t e r a l  surface  
BL -  Basal lamina 
Mac -  Macrophage

Fig .  43 .  G a s tr ic  gland c e l l .  X17>800.
N -  Nucleus
PC -  P e r inuc lea r  c is te rn a
Go -  Golgi
RER -  Rough endoplasmic ret iculum
Mi -  Mitochondria
V -  Smooth surfaced vesic les
D -  Desmosome
Irit -  I n t e r d i g i t a t  ion of l a t e r a l  surfaces
BL -  Basal lamina
F -  F ib ro c y te
Co -  Collagen
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Fig .  4 4 .  Gastr ic  gland c e l l .  X47,250.
N. -  Nucleus
NP -  Nuclear pore
PC -  Per inuc lear  c is te rn a
Mi -  Mitochondrion
Cr -  C r is ta
V -  Smooth surfaced vesic les
Note the anastomosing of  mitochondria  c r is t a e .
I
Fig .  4 5 .  G a s tr ic  gland c e l l .  X36,000.
In -  Anastomosing pattern  of  sur face  invaginat ions  
JC -  Junctional complex 
V -  Smooth surfaced vesic les
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Fig .  ^6. Muscularis externa and serosa o f  card iac stomach, c .s .  
H. and E. X560.
ILM -  Inner lo n g i tu d in a l  muscle (smooth)
CM -  C i rc u la r  muscle ( s t r i a t e d )
OLM -  Outer lo n g i tu d in a l  muscle (smooth)
F -  F ibrocyte  
Pe -  Perimysium 
Ca -  Capi1la ry  
Me -  Mesothel ia l  c e l l s

Fig .  47 .  Muscularis  externa of p y lo r ic  stomach, c . s .  H. and E. 
X850.
ILM -  Inner long i tu d in a l  muscle
CM -  C i r c u la r  muscle
OLM -  Outer lo ng i tu d in a l  muscle
BV -  Blood vessels
Me -  Mesothelium

Fig .  ^8.  Smooth muscle of the stomach. Longitudinal view. X5600. 
N -  Nucleus 
Mi -  Mitochondria 
SR -  Sarcoplasmic ret iculum  
Ac -  Act in f i laments  
DA -  Dense area  
SI -  Sarcolemma 
Pi -  P inocytot ic  vesic les  
Co -  Collagen
'  M i
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Fig .  ^9.  Outer muscle and serosa o f  the stomach, c . s .  X5200. 
N -  Nucleus 
Ac -  Act in f i lam ents  
Go -  Golgi 
SI -  Sarcolemma 
D -  Desmosome 
NF -  Nerve f ib e r s
En -  Endothelia l c e l l  o f  c a p i l l a r y
Ly -  Lymphocyte
Me -  Mesothel ia l  c e l l
Pi -  P inocyto t ic  ves ic les
TJ -  T ight ju n c t io n

F ig .  50 .  Smooth muscle of  the stomach, c . s .  X22,000.  
N -  Nucleus 
Ac -  Act in f i laments  
Mi -  Mitochondrion  
Pi -  P in o c y to t ic  v e s ic le  
SI -  Sarcolemma 
D -  Desmosomes 
Co -  Collagen

Portion of  the myenter ic  plexus o f  Auerbach between the 
c i r c u la r  and outer lo n g i tu d in a l  muscle o f  the stomach, 
c . s .  X15,000.
Sc -  Schwann c e l l  
NF -  Nerve f ib e rs  
Mi -  Mitochondria  
V -  Vesicles  
SM -  Smooth muscle 
Co -  Collagen

Fig .  52. Serosa and outer lo n g i tu d in a l  muscle of  the stomach, 
c . s .  X I 3 ,200 .
Ac -  Act in
My -  Myosin
Nex -  Nexus
D -  Desmosome
NF -  Nerve f ib e r s
Sc ~ Schwann cel 1
Me -  Mesothel ia l  c e l l
Pi -  P in o c y to t ic  v e s ic le
ER -  Endoplasmic re t icu lum
« P ® S
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Fig .  53. G a s t r o - in t e s t in a l  ju n c t io n ,  l . s .  H. and E. X140.
PS -  P y lo r ic  stomach 
Va -  Valve  
Mid -  Midgut  
Sp -  Sph incter
Note th a t  the inner lo ng i tu d in a l  muscle (arrow) o f  the 
stomach does not continue in to  the in t e s t in e .

»F ig .  5b .  Entrance o f  the b i l e  duct in to the i n t e s t i n e ,  l . s .  
H. and E. X280.
BD - B i l e  duct 
Mid -  Midgut
B D
F ig .  55. Upper in t e s t in e  or midgut. c . s .  H. and E. X225. 
Ep -  Epi thel ium  
LP -  Lamina p ro p r ia  
CM -  C i rc u la r  muscle 
LM -  Longitudinal muscle 
Se -  Serosa 
BV -  Blood vessel
F ig .  56. Epithelium of  the upper i n t e s t in e ,  c .s .  H. and E. 
Ab -  Absorptive c e l l  
GC -  Goblet cel 1 
Ly -  Lymphocyte 
SB -  S t r i a t e  border  
LP -  Lamina p ro p r ia
X850.
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F ig .  57 .  Epithel ium of  the midgut. X2800. 
Ab -  Absorbing cel 1 
Mv -  M ic r o v i11i 
TW -  Terminal web 
Mi -  Mitochondrion  
L -  Lysosome 
ER -  Endoplasmic ret iculum  
SLS -  S ing le  lam el la r  structures  
N -  Nucleus 
Nu -  Nucleolus 
GC -  Goblet cel 1 
BL -  Basal lamina
Vi*
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Fig .  58 .  Ep i the l ium  of  the midgut. X9000.
Mv -  M ic r o v i11i
Pi -  P in o c y to t ic  v e s ic le
TW -  Terminal web
Mi -  Mitochondrion
L -  Lysosome
MB -  M u l t i v e s ic u la r  body
Muc -  Mucinogen
Note th a t  the membranes around ind iv idua l  mucinogen 
granules have broken down.

Fig .  59 .  Apical surface  o f  the columnar absorbing c e l l s  of  the  
midgut. X70,000.
AM -  Antennulae m ic ro v i1 lares  
Mv -  Mi crovi H i  
Pi -  P in o c y to t ic  v e s ic le  
ZO -  Zonula occludens 
. ZA -  Zonula adhaerens 
MA -  Macula adhaerens 
T f  -  Tonofi laments
The t r i l a m i n a r  s t ru c tu re  o f  the plasmalemma is v i s i b l e  
a t  the po in t  indicated by the arrow.

Fig .  60. Epithel ium of  the midgut. X10.000.  
Ab -  Absorbing c e l l  
GC -  Gob 1e t  cel 1 
Nu -  Nucleolus  
Go -  Golgi
IG -  In t ram itochondr ia l  granule
RER -  Rough endoplasmic reticulum
MG -  Mucinogen granule
SLS -  S in g le  la m e l la r  s t ru c tu re
T f  -  Tonofilaments
Grc -  Granulocyte
D -  Desmosome

Fig. 61. Supra-Golgi zone o f  a goblet c e l l  in the midgut. c .s .  
X22.500.
MG -  Mucinogen granule
RER -  Rough endoplasmic ret iculum
Ri -  Ribosomes
Go -  Golgi
Ab -  Absorbi ng cel 1
Note the fi lamentous and lam el lar  appearance of  the  
mucinogen.

Fig .  62. Granulocyte and absorbing c e l l s  of  the midgut. X22 ,500.  
Grc -  Granulocyte  
Ab -  Absorbing c e l l  
RER -  Rough endoplasmic ret iculum  
Mi -  Mitochondrion  
Gr -  Granule
SLS -  S in g le  lam e l la r  s t ru c tu re

Fig .  63. Lamina p rop r ia  of  the midgut. c . s .  H. and E 
Ep -  Epithelium  
RBC -  Erythrocyte  in c a p i l l a r y  
Grc -  Granulocyte  
F -  F ibrocyte  
CF -  Collagenous f ib ers  
Spo -  Sporozoan egg
X1270.
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Fig .  64. Lamina p rop r ia  of  the midgut. c .s .  H. and E 
Co -  Collagenous f ib e rs  
Grc -  Granulocyte  
Ar -  A r t e r i o l e  
En -  Endothe l ia l  nucleus 
SM -  Smooth muscle
X850-.

183
Fig .  6 5 . Lamina p r o p r ia ,  muscularis externa,  and serosa o f  the
midgut. c . s .  H. and E. X850.
\
LP -  Lamina propr ia
CM -  C i r c u la r  muscle
LM -  Longitudinal muscle
Me -  Mesotheliurn
Ve -  Venule
N -  Nucleus
CF -  Collagen f ib e r s
M e
L M
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F ig .  66 .  I n t e s t i n o - c o l i c  va lve ,  l . s .  H. and E. X225. 
Mid -  Midgut 
C -  Colon 
Ep -  Epithel ium  
LP -  Lamina propria  
CM -  C i r c u la r  muscle in valve  
LM -  Longitudinal muscle

F ig .  6 7 . I n t e s t i n o - c o l i c  va lve ,  c . s .  H. and E. X225.
Ep -  Epi thel ium  
LP -  Lamina propria  
CM -  C i rc u la r  muscle 
LM -  Longitudinal muscle
Note the small s ize  of the lumen and the thickness of  
the c i r c u l a r  muscle la y e r .
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g. 68. Colon, c . s .  H. and E. Xl40.'  
Ep -  Epithel ium  
LP -  Lamina propr ia  
CM -  C i r c u la r  muscle 
LM -  Longitudinal muscle 
Se -  Serosa

Fig .  6 9 . Epithelium and lamina p ro p r ia  of  the colon,  c .s .  H. 
and E. X850.
Ab -  Absorbing cel  1 
GC -  Goblet cel 1 
Ly -  Lymphocyte 
N -  Nucleus 
SB -  S t r i a t e  border  
LP -  Lamina p ro p r ia  
Ca -  Capi1la r y
Note the vacuolated appearance of the columnar absorbing 
cel I s .

Epithel ium of the colon. X3000.
Ab - Absorbing cel 1
GC - Goblet cel 1
Ly - Lymphocyte
Mv - M ic r o v i11i
TW - Terminal web
Mi - Mi tochondr ia
L - Lysosomes
MyC - Myelin conf igurat  ion
SLS - Single  lam ellar  s t ru c tu res
MG - Mucinogen granules
Go - Golgi
BL - Basal lamina
LP - Lamina propria
RBC - Erythrocyte in c a p i l l a r y
I uu
Fig .  70. Ep i the l ium  of  the colon. X3000. 
Ab -  Absorbing cel 1 
GC -  Goblet c e l l  
Ly -  Lymphocyte 
Mv -  M ic r o v i11i 
TW -  Terminal web 
Mi -  Mitochondria  
L -  Lysosomes 
MyC -  Myelin con f ig u ra t io n  
SLS -  S in g le  lam el lar  s truc tures  
MG -  Mucinogen granules 
Go -  Golgi 
BL -  Basal lamina 
LP -  Lamina propria  
RBC -  Ery throcyte  in c a p i l l a r y
L '  «.* V • . >.
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Fig .  71. Apical region o f  colonic  columnar absorbing c e l l s .  
XI8 ,000.
AM -  Antennulae m ic ro v i1 lares  
Mv -  M ic r o v i11 i
Pi -  P in o c y to t ic  vesic les  and tubules  
TW -  Terminal web 
B -  Tonofilament bundles 
Z0 -  Zonula occludens
Note the i r r e g u l a r i t y  and branching of the m i c r o v i l l i  
indicated by the arrows.

lyu
F ig .  72. Columnar absorbing cel 1 of the colon, c . s .  X l8 ,0 0 0 .  
L -  Lysosomes 
MyC -  Myelin  con f igura t ion

Fig. 73. Colonic goble t  c e l l .  X30,000.
MG -  Mucinogen granule  
Go -  Golgi
RER -  Rough endoplasmic reticulum  
Mi -  Mitochondrion

IF ig .  7^. Muscularis externa and serosa o f  the colon,  c .s .  H. 
and E. X850.
CM -  C i rc u la r  muscle 
LM -  Longitudinal muscle 
Co -  Collagen in serosa 
BV -  Blood vessel in serosa 
Me -  Mesothelium


Fig .  75. A n te r io r  rectum, c . s .  H. and E 
Ep -  Epithelium  
LP -  Lamina propr ia  
CM -  C i rc u la r  muscle 
LM -  Longitudinal muscle 
Se -  Serosa
X 2 8 0 .

Fig .  76. A n te r io r  rectum, c .s .  H. and E 
CC -  Columnar c e l l  
GC -  Goblet c e l l  
CF -  Collagen f ib ers  
F -  F ibrocyte  
BV -  Blood vessel 
CM -  C i rc u la r  muscle 
LM -  Longitudinal muscle 
Me -  Mesothelium
X85O.

F ig .  77. Ep ithe l ium  of  the a n te r io r  rectum. X6000. 
In se t :  goblet  c e l l .  X7000.
Mv - M ic r o v i1lus
N - Nucleus
Mi - Mi tochondr ion
L - Lysosome
In t - I n t e r d i g i t a t i o n  o f  l a t e r a l  surfaces
D - Desmosome
GC - Goblet cel 1
MG - Mucinogen granule
BL - Basal lamina
LP - Lamina propria
.<L, r> ... •' • '**5' -- / !
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Fig .  78. Columnar c e l l s  o f  the a n te r io r  rectum. X25,500, 
Lu -  Lumen
Pi -  P in o c y to t ic  v e s ic le  
Mi -  Mitochondria  
L -  Lysosome 
Tf  -  Tonofilaments  
Go -  Golgi 
N ‘ -  Nucleus 
ZO -  Zonula occludens 
MA -  Macula adhaerens
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F ig .  79. Rectum and anus. l . s .  H. arid E 
An -  Anus 
Ep -  Epitheliurn  
LP -  Lamina propria  
CM -  C i rc u la r  muscle 
LM -  Longitudinal muscle 
Se -  Serosa 
Ce -  Coelom 
BW -  Body wa11
X280.

F ig .  80. T ra n s i t io n  in e p i th e l iu m  a t  the recto -anal  ju n c t io n .  
1, s . H. and E. X560.
Lu -  Lumen
CC -  Simple columnar ep i the l ium  
SS -  S t r a t i f i e d  squamous ep ithe l ium  
DC -  Dark squamous c e l l

F ig .  81 .  S t r a t i f i e d  squamous e p i th e l ium  of  the anus. 
Lu -  Lumen
DC — Dark surface c e l l  
LC -  L ight cel 1
In t  -  I n t e r d i g i t a t i o n  o f  l a t e r a l  surfaces  
Go -  Golgi  
BL -  Basal lamina 
LP -  Lamina propria
X7000.
mm
Fig .  82 .  Light c e i l s  o f  the anal e p i th e l iu m .  
N -  Nucleus 
Mi -  Mitochondrion  
RER -  Rough endoplasmic ret icu lum  
Ri -  Ribosomes 
Tf  -  Tonofilaments  
BL -  Basal lamina 
LP -  Lamina p ro p r ia
X13,500.

F ig .  83. Surface c e l ls  of the s t r a t i f i e d  squamous anal ep i th e l ium .  
X26.000.
Lu -  Lumen 
DC -  Dark cel 1 
LC -  L ight  cel 1
NE1 -  Degeneration o f  nuclear envelope 
Tf  -  Tonofilaments  
' Ri -  Ribosomes 
ZO -  Zonula occludens
m
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